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Recent  scientific  observations  have  led  to  concern  that  human  activities  could 
be  adversely  affecting  the  Earth’s  climate.  In  particular,  much  attention  has 
been  focused  on  global  warming  or  an  accelerated  "greenhouse  effect"  which 
suggests  that  more  of  the  Earth’s  heat  will  be  retained  in  the  atmosphere  by 
increasing  amounts  of  heat-absorbing  trace  gases  such  as  carbon  dioxide, 
chlorofluorocarbons  (CFCs)  and  methane  produced  as  a  result  of  human 
activities.  Scientists  believe  that  if  such  a  warming  of  the  Earth’s  climate 
were  to  occur,  it  would  have  serious  consequences  for  human  activities, 
including  agriculture  and  forestry. 

The  National  Agricultural  Library  (NAL)  has  prepared  this  Global  Change 
Information  Packet  on  global  climate  change  to  provide  information  for  the 
general  public.  It  describes  the  concerns  surrounding  and  potential  effects  of 
global  climate  change,  lists  books  and  journal  articles  which  discuss  these 
concerns  more  fully,  and  describes  how  to  obtain  additional  information. 
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receiving  26,000  current  periodical  titles  from  throughout  the  world.  Along 
with  the  Library  of  Congress  and  the  National  Library  of  Medicine,  NAL  is 
one  of  three  national  libraries  of  the  United  States. 


The  materials  listed  in  this  Information  Packet  are  available  through  your  local 
library.  The  librarian  in  your  public,  state,  university,  or  corporate  library 
can  assist  you  in  obtaining  materials  either  in  your  area  or  directly  from  the 
NAL. 
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GLOBAL  CLIMATE  CHANGE  AND  AGRICULTURE 

A  SUMMARY 

by  Susan  C.  Whitmore 
Bureau  of  Mines 
U.S.  Department  of  the  Interior 


The  atmospheric  accumulation  of  carbon  dioxide  (C02)  and  other  gases  from 
burning  fossil  fuels  and  other  human  activities  may  be  enhancing  the 
atmosphere’s  capacity  to  trap  infrared  radiation  emitted  by  the  Earth.  The 
trapping  of  radiation  warms  the  Earth’s  surface  in  a  process  similar  to  that 
which  occurs  in  a  greenhouse,  hence  the  often  used  term  "greenhouse  effect." 
If  increased  warming  were  to  occur,  climate  changes  could  cause  serious 
consequences  for  human  activities  and  resources  in  areas  such  as  energy 
production  and  use,  climatic  patterns,  coastal  land  use,  agriculture,  forestry, 
and  water  supplies,  and  also  could  produce  population  shifts.  Although  causal 
relationships  between  long-term  climate  changes  and  recent  weather  trends 
have  not  yet  been  established,  such  conditions  have  focused  public  attention 
on  potential  climate  changes  and  the  need  for  better  understanding  of  climate. 

WHAT  IS  THE  "GREENHOUSE  EFFECT"? 

A  blanket  of  air  envelopes  the  Earth  and  moderates  the  Earth’s  temperature. 
This  blanket  is  made  up  of  abundant  or  major  gases,  such  as  nitrogen  and 
oxygen,  and  minor  gases,  such  as  water  vapor  and  carbon  dioxide.  The 
atmosphere  controls  the  Earth’s  temperature  because  some  of  the  minor 
atmospheric  gases,  including  those  of  natural  origin  and  some  produced  by 
human  activities,  are  relatively  transparent  to  incoming  short-wavelength 
sunlight,  but  are  opaque  to  longer  wavelength  infrared  radiation  arising  from 
the  Earth’s  surface  and  from  the  lower  atmosphere.  This  mechanism  of 
control  has  been  termed  the  "greenhouse  effect,"  since  it  is  similar  to  the 
processes  which  occur  in  a  greenhouse  where  the  glass  envelope  acts  like  a 
compressed  atmosphere,  passing  and  absorbing  radiation  of  different 
wavelengths,  with  the  temperature  inside  the  greenhouse  rising  to  a  level 
above  that  of  the  surroundings. 

On  Earth,  sunlight  not  reflected  by  clouds  or  absorbed  by  the  atmosphere  is 
either  absorbed  by  the  Earth’s  surface  or  reflected  back  to  space.  The 
absorbed  energy  warms  the  surface  of  the  Earth,  which  acts  as  a  radiator, 
re-emitting  energy  upward  into  the  atmosphere. 

The  energy  that  is  absorbed  and  re-radiated  at  the  surface  of  the  Earth  and  at 
the  various  levels  in  the  atmosphere  maintains  the  Earth  at  a  life-sustaining 
temperature  that  is  warmer  than  it  would  be  if  there  were  no  intervening 
atmosphere.  Without  atmospheric  "greenhouse  gases"  and  the  resulting 
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"greenhouse  effect"  the  Earth’s  average  surface  temperature  might  be  as  low  as  -20  degrees 
Celsius  (C)  (-4  degrees  Fahrenheit  (F)).6 

Natural  processes  contribute  "greenhouse  gases"  to  the  atmosphere.  However,  many  people  are 
concerned  that  human  activities  are  increasing  the  atmospheric  concentrations  of  carbon  dioxide 
(C02)  and  other  "greenhouse  gases"  which,  given  no  other  mitigating  effects,  will  lead  to  more 
efficient  absorption  of  energy  by  the  atmosphere,  producing  global  warming  and  its 
accompanying  effects. 

A  seemingly  small  change  in  overall  atmospheric  temperature  can  have  a  large  effect  on  the 
Earth.  The  Earth  has  not  been  more  than  1  to  2  degrees  C  (1.8  to  3.6  degrees  F)  warmer  during 
the  10,000-year  era  of  human  civilization.  The  previous  ice  age,  in  which  glaciers  stretched 
from  present  day  New  York  to  Chicago,  was  only  5  degrees  C  (9  degrees  F)  cooler  than  now.6 


WHAT  ARE  "GREENHOUSE  GASES"? 

The  four  most  important  "greenhouse  gases,"  whose  atmospheric  concentrations  can  be 
influenced  by  human  activities,  are  carbon  dioxide,  methane,  nitrous  oxide,  and 
chlorofluorocarbons. 

o  Carbon  dioxide  (C02)  occurs  naturally  in  the  atmosphere,  and  plays  an  important  role  in 
almost  living  organisms.  Animals,  including  humans,  exhale  it  while  plants  take  it  in, 
using  the  carbon  it  contains  to  manufacture  carbohydrates.  There  has  been  a  25-percent 
increase  in  C02  in  the  last  100  years.6  The  burning  of  fossil  fuels  (coal  and  oil)  and 
deforestation  are  the  primary  contributors  of  C02  from  human  activity. 

o  Methane  is  the  major  constituent  of  natural  gas  and  is  also  produced  from  many 
biological  decay  processes  (in  the  digestive  system  of  ruminant  animals  such  as 
cattle  or  deer,  and  in  rice  fields  and  wetlands).  Rice  production  is  believed 
to  be  the  primary  contributor  of  methane  from  human  activity.8  There  has  been  a 
100-percent  increase  in  methane  in  the  past  100  years.6 

o  Nitrous  oxide  (laughing  gas)  is  produced  from  microbial  action  in  the  soil.  Of 
the  nitrous  oxide  released  each  year,  about  10  percent  is  due  to  the  use  of 
fertilizer.9  Natural  microbial  activity;  the  spread  of  agriculture;  and  the 
burning  of  forest  vegetation,  crop  residues,  and  fossil  fuels  account  for  most 
of  the  rest. 

o  Chlorofluorocarbons  (CFCs)  are  used  as  the  cooling  fluids  in  refrigeration,  as 
propellants  in  aerosols,  as  solvents,  and  as  foam-blowing  agents  in  the  production 
of  plastics.  Unlike  the  other  greenhouse  gases,  CFCs  are  not  produced  naturally 
and  their  presence  in  the  atmosphere  is  due  solely  to  industrial  production. 

Virtually  all  CFCs  produced  eventually  end  up  in  the  atmosphere  and  are  very  long- 
lived.9 


IS  THE  EARTH  WARMING? 


Whether  global  warming  due  to  an  accelerated  "greenhouse  effect"  is  actually  occurring  is 
controversial. 

o  James  E.  Hansen,  Directory  of  the  National  Aeronautics  and  Space  Administration 
(NASA)  Goddard  Institute  for  Space  Studies,  New  York  City,  and  his  colleagues 
analyzed  temperature  records  dating  from  1880  to  1985.  Their  results  indicate  a 
global  warming  of  0.5  to  0.7  degrees  C  (0.9  to  1.26  degrees  F)  in  the  past 
century.1 

o  Thomas  M.L.  Wigley  and  his  colleagues,  from  the  University  of  East  Anglia  in 
England,  also  have  shown  an  increase  in  average  global  temperature.3 

o  Climatologists  Thomas  Karl,  Kirby  Hanson,  and  George  Maul  at  the  National  Oceanic 
and  Atmospheric  Administration  (NOAA)  completed  a  study  that  shows  no  overall 
increase  in  annual  temperature  for  the  contiguous  U.S.  from  1895  to  1987. 2 

o  An  exhaustive  study  of  worldwide  ocean  temperatures  since  1850  by  MIT  climatologists 
Reginald  Newell  and  his  colleagues  concludes  that,  "There  appears  to  have  been 
little  or  no  global  warming  over  the  past  century."5 

o  The  U.S.  National  Academy  of  Sciences  concludes  that,  based  on  model  predictions,  a 
1.5  to  4.5  degrees  C  (2.7  to  8.1  degrees  F)  global  warming  may  occur  in  the  next 
century.6 

o  The  seven  warmest  years  recorded  in  the  past  100  years  (based  on  average  global 
temperatures)  were  1990,  1988,  1987,  1983,  1981,  1980,  and  1986,  in  that  order. 


POTENTIAL  EFFECTS  OF  GLOBAL  CLIMATE  CHANGE 

Estimates  of  global  warming  by  the  middle  of  the  21st  century  vary  from  2  to  9  degrees  C  (3.6 
to  16.2  degrees  F).4  If  a  significant  temperature  rise  were  to  occur,  important  changes  might 
be  seen  on  the  Earth’s  surface.  Global  warming  could  affect  energy  production  and  use,  climatic 
patterns,  agriculture,  forestry,  and  water  resources.  It  could  lead  to  rising  sea  levels  and  the 
flooding  of  coastal  regions. 

While  a  direct  relationship  between  long-term  trends  and  recent  warm  weather  has  not  been 
established,  such  conditions  have  focused  public  attention  on  potential  climate  change  and  its 
resulting  effects. 

The  Environmental  Protection  Agency  drafted  a  report  entitled  The  Potential  Effects  of  Global 
Climate  Change  on  the  United  States  in  which  they  speculated  about  the  following  possible 
effects  of  climate  change  on  agriculture  and  forestry.7 


Potential  Effects  of  Global  Climate  Change  on  Agriculture 

Agriculture  is  a  critical  U.S.  industry,  providing  food  for  the  Nation’s  population  and  as  much 
as  $43.6  billion  in  exports  for  the  Nation’s  trade  balance.  In  1985  total  farm  assets  were  $771 
billion,  and  food  and  fiber  crops  represented  17.5  percent  of  the  total  gross  national  product.7 
Wheat,  com,  soybeans,  cotton,  fruits  and  vegetables,  and  livestock  are  among  the  most  important 
U.S.  agricultural  commodities. 

Although  climate  change  is  not  likely  to  threaten  U.S.  food  supplies,  it  may: 

o  Reduce  or  increase  average  yields  of  com,  soybeans,  and  wheat,  both  rainfed  and 
irrigated.  Increased  yields  may  occur  in  northern  latitudes  where  warmer  conditions 
would  provide  a  longer  frost-free  growing  season.  Decreased  yields  may  occur  in 
mid-latitudes  primarily  from  higher  temperatures  which  shorten  a  crop’s  life  cycle. 

o  Increase  the  yields  of  com,  soybean,  and  wheat  since  increased  atmospheric  C02  may 
increase  plant  growth. 

o  Result  in  a  northward  shift  in  cultivated  land,  causing  significant  regional 
dislocations  in  agriculture  with  associated  impacts  on  regional  economies. 

o  Shift  rainfall  patterns,  which  might  expand  crop  irrigation  requirements  in 

certain  regions  and,  hence,  increase  competition  for  regional  water  supplies  and 
increase  surface  and  ground  water  pollution. 

o  Change  the  ranges  and  populations  of  agricultural  pests.  These  effects  could  change 
pest  control  requirements. 

o  Result  in  sea  level  rise  and  the  flooding  of  near-coastal  agricultural  lands. 


Potential  Effects  of  Global  Climate  Change  on  Forestry 

Forests  occupy  33  percent  of  the  U.S.  land  area  and  exist  in  all  50  states.  In  total,  they  occupy 
738  million  acres  and  are  rich  in  resources  such  as  water  and  wildlife.  Global  warming  could 
affect  the  forests  of  the  U.S.  significantly.  Changes  could  be  apparent  in  30  to  80  years, 
depending  on  the  region,  a  site’s  quality,  and  the  rate  of  climate  change. 

o  The  southern  ranges  of  many  forest  species  in  the  eastern  United  States  could  experience 
dieback  of  several  hundred  miles  depending  on  the  extent  of  temperature  changes  and 
drying  soils.  This  dieback  could  result  in  a  serious  loss  of  productivity,  depending  on 
how  dry  the  soils  become. 


o  The  potential  northern  range  of  forest  species  in  the  eastern  United  States  could  shift 
northward  as  much  as  400  miles  over  the  next  century.  Productivity  could  increase 
along  the  norther  limits  of  some  eastern  species. 

o  If  elevated  C02  concentrations  substantially  increase  tree  growth  through  an  increase  in 
photosynthesis  and  efficiency  of  water  use,  the  southern  declines  could  be  alleviated. 

o  If  climate  stabilizes,  forests  might  eventually  regain  a  generally  healthy  status  over  a 
period  of  several  centuries.  In  the  meantime,  declining  forests  could  be  subject  to 
increased  fires,  pest  attacks,  disease  outbreaks,  wind  damage,  and  air  pollution. 

o  Additional  possible  impacts  of  changes  in  forests  include  reductions  in  biotic  diversity, 
increased  soil  runoff  and  erosion,  reduced  aquifer  recharge,  and  changes  in  wildlife 
habitat  and  recreation. 


Many  of  these  speculations  about  the  possible  effects  of  global  climate  change  are  controversial. 
For  instance,  the  influence  of  an  accelerated  global  climate  change  on  rainfall  patterns  is 
uncertain.  Some  global  models  predict  reduced  rainfall,  other  increased  rainfall,  and  still  other 
only  a  change  in  the  pattern  of  rainfall. 

Because  of  the  global  implications  of  this  problem,  scientists,  diplomats,  and  policymakers  are 
combining  efforts  to  achieve  consensus  on  an  eventual  agreement  concerning  global  warming. 

A  major  component  of  international  cooperation  is  the  Intergovernmental  Panel  on  Climate 
Change  (IPCC)  which  was  set  up  in  1987  by  the  World  Meteorological  Organization  (WMO)  and 
the  United  Nations  Environmental  Programme  (UNEP)  to  asses  the  scientific  information  "related 
to  the  various  components  of  the  climate  change  issue"  and  formulate  "response  strategies  for 
the  management  of  the  climate  change  issues"  (see  Chronology  of  Global  Climate  Change). 


WHAT  CAN  YOU  DO? 

o  Become  knowledgeable  about  the  issues  involved  in  global  climate  change.  The 
bibliographies  and  the  directory  of  organizations  included  in  this  Global  Change 
Packet  will  lead  you  to  additional  information.  Specifically,  the  pathfinder  lists 
publications  that  discuss  global  climate  change  and  agriculture. 

o  If  you  are  concerned  about  how  to  counteract  human  activities  which  contribute  to 
production  of  "greenhouse  gases,"  specific  suggestions  are  given  in: 

Bates,  Albert  K.  Climate  in  Crisis:  The  Greenhouse  and  What  You  Can  Do  About  It. 
Summertown,  TN:  Book  Pub.  Co.,  1989.  304  p. 


Earth  Works  Group.  50  Simple  Things  You  Can  Do  to  Save  the  Earth.  Berkeley,  CA: 


Earth  Works  Press,  1989.  96  p. 


Hollender,  Jeffrey.  How  to  Make  the  World  a  Better  Place:  A  Guide  to  Doing  Good. 
NY:  William  Morrow,  1990.  303  p. 

MacEachem,  Diane.  Save  Our  Planet :  750  Everyday  Ways  You  Can  Help  Clean  Up  the 
Earth.  Washington,  DC:  National  Wildlife  Federation,  1990.  210  p. 
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CHRONOLOGY  OF  GLOBAL  CLIMATE  CHANGE 


by  Jayne  T.  MacLean 

Alternative  Farming  Systems  Information  Center 
National  Agricultural  Library 


It  is  well  known  and  accepted,  at  both  the  scientific  and  the  popular  level,  that 
global-scale  climate  changes  occur  very  gradually  over  long  periods  of  time. 
Scientists  have  documented  the  gradual  fluctuations  by  identifying  changes  in 
soil  layers  and  rocks,  and  bubbles  trapped  in  glacial  ice. 

However,  there  is  increasing  evidence  that  human  activities  may  be 
accelerating  this  natural  phenomenon.  Over  the  years,  humans  have  changed 
rivers,  seas,  forests,  and  soils;  expanded  the  amount  of  land  covered  by  cities, 
highways  and  farms;  and  increased  the  amount  of  gases  discharged  into  the 
atmosphere. 

Some  recent  studies  reveal  a  slow  rise  in  the  average  earthly  temperature  over 
the  last  100  years.  Now,  scientists  are  challenged  to  determine  whether  this 
climate  channge  is  actually  occurring,  how  much  of  this  change  is  occurring 
naturally,  and  to  what  extent  human  activities  are  contributing  to  and 
accelerating  the  changes. 

The  following  provides  a  historical  perspective  of  events  leading  to  the 
world’s  current  awareness  of  global  climate  change. 

Early  The  Industrial  revolution  begins  in  Great  Britain,  spreading 

1800’s  around  the  developed  world.  Fossil  fuels  like  peat,  coal  and, 

later,  oil  used  to  power  industry. 

1863  John  Tyndall,  British  scientist,  describes  how  water  vapor  in 

the  atmosphere  helps  to  keep  the  world  warm. 

1896  Svante  Arrhenius,  a  Swedish  chemist,  warns  that  carbon 

dioxide  (C02)  released  to  the  atmosphere  from  burning  coal  for 
industrial  power  is  likely  to  make  the  world  warmer. 
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An  American  engineer,  Thomas  Midgley,  proposes  using  new 
chlorofluorocarbon s  (CFCs)  instead  of  poisonous  ammonia  for  cooling 
refrigerators. 


'iV.  ' 


International  Geophysical  Year.  Regular  monitoring  of  atmospheric  C02 
begins  in  Hawaii  and  Antarctica. 


Climatologists  with  high-speed  computers  begin  projecting  warming  of  3  to 
9  degrees  by  the  end  of  the  21st  century,  based  on  carbon  dioxide  emissions. 


At  an  October  meeting,  scientists  from  19  countries  agree  with  a  study 
crediting  other  trace  gases,  including  CFCs,  with  adding  as  much  to  the 
greenhouse  effect  as  C02. 


Global  Climate  Protection  Act,  P.L.  100-204,  becomes  law.  Montreal 
Convention  is  held  to  consider  how  to  limit  atmospheric  pollution  by  CFCs. 

Our  Common  Future,  known  as  the  Brundtland  Report  after  its  chairman,  Gro 
Harlem  Brundtland,  publishes  the  findings  of  the  World  Commission  on 
Environment  and  Development.  While  its  conclusions  do  not  please  all 
environmental  experts,  it  is  a  major  information  resource  and  rallying  point. 


Drought,  fires,  and  severe  heat  waves  arouse  public  anxiety  and  conjecture 
that  they  are  first  signs  of  global  warming. 

Intergovernmental  Program  on  Climate  Change  (IPCC)  is  convened  in  Geneva 
for  the  first  time. 

Seventy-one  nations,  meeting  in  The  Netherlands,  agree  to  a  Declaration  on 
Atmospheric  Pollution  and  Climatic  Change. 

At  the  fourth  meeting  of  the  IPCC  in  Sweden,  the  United  States  join  73  other 
nations  in  agreeing  that  humans’  activities  are  causing  the  Earth’s  atmosphere 
to  heat  up. 

President  Bush  hosts  a  climate  change  treaty  negotiating  session  in  Chantilly, 
VA,  in  February. 

United  Nations  environment  conferences  are  held  in  Nairobi,  Kenya  in  June 
and  in  Geneva,  Switzerland  in  September. 

In  June,  the  world  focuses  its  attention  on  the  "Earth  Summit,"  the  United 
Nations  Conference  on  Environment  and  Development,  held  in  Rio  de  Janeiro, 
Brazil.  Treaties  and  agreements  which  are  negotiated,  and  signed  by  leaders 
of  many  countries,  may  lead  to  more  sensitive  use  of  the  planet’s  diminishing 
resources. 
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The  following  articles  have  been  carefully  selected  to  expand  the  breadth  and 
depth  of  information  presented  elsewhere  in  the  Global  Change  Information 
Packet.  Most  articles  have  been  chosen  from  journals  likely  to  be  available 
in  most  medium-sized  public  or  college  libraries. 


Abelson,  Philip  H.  Uncertainties  about  Global  Warming.  Science , 
p.  1529,  March  30,  1990. 

Abelson  critically  examines  the  quality  and  reliability  of  key  evidence  relating  to  global 
warming.  He  finds  that  "[i]f  the  situation  is  analyzed  applying  the  customary  standards  of 
scientific  inquiry  one  must  conclude  that  there  has  been  more  hype  than  solid  facts."  The 
estimates  of  the  14  or  so  groups  attempting  to  model  global  climate  show  a  range  of  1.5  to 
5.0  degrees  Celsius  (C).  Most  agree  that  the  models  are  deficient.  For  example,  the  models 
do  not  adequately  account  for  the  effects  of  clouds  which  "have  both  negative  and  positive 
effects  on  warming."  He  goes  on  to  note  that  while  many  researchers  cite  a  0.5°  C.  increase 
in  temperature  since  1880,  the  change  really  depends  on  the  time  interval  chosen. 
Temperature  increased  from  1880-1940,  but  then  dropped  from  1940  until  the  1960’s  to  the 
extent  that  a  new  ice  age  was  predicted.  A  recent  study  looking  at  the  1979-1988  period 
using  precise  satellite  data  showed  no  obvious  trend.  Abelson  concludes,  however,  by  stating 
that  despite  the  uncertainties  and  even  if  there  were  a  "negligible  greenhouse  effect,  we  should 
be  taking  actions"  such  as  inducing  conservation  and  energy  efficiency  by  raising  taxes  on 
fuels,  and  expanding  efforts  to  develop  renewable  resources.  Whatever  is  done  "should  be 
based  on  well-thought-out  long-range  goals." 


Barnwell,  George.  Your  Contribution  to  Global  Warming.  National  Wildlife, 
p.  53,  February-March  1990. 

Barnwell  examines  the  relationship  between  electric  energy  used  in  the  home  and  the  carbon 
dioxide  (COj)  produced  by  a  coal-fired  electric  generating  plant.  For  example,  a  100-watt 
bulb  used  as  a  night  light  365  days  a  year  would  result  in  675  pounds  of  carbon  dioxide  being 
released  into  the  atmosphere  as  a  result  of  coal  burned  to  produce  the  necessary  electricity. 
A  brief  table  gives  similar  information  for  a  variety  of  common  household  appliances. 
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Beardsley,  Tim.  Not  So  Hot:  New  Studies  Question  Estimates  of  Global  Warming.  Scientific 
American ,  p.  17-18,  November  1989. 

Predictions  about  global  climate  -  whether  warming  or  cooling  -  are  based  on  two  fundamental  components.  First 
is  the  recognition  and  understanding  of  the  complex  interactions  which  create  climate,  the  scientific  basis.  Second 
are  the  models  which  attempt  to  manipulate  that  information  in  a  realistic  way  to  make  predictions.  Beardsley 
examines  many  of  the  current  weaknesses  in  both  components.  For  example,  it’s  not  clear  what  role  clouds  play 
since  they  both  absorb  heat  from  the  earth  and  reflect  heat  from  the  sun.  Recent  studies  show  that  ice  clouds  may 
have  a  much  greater  reflectance  than  water  clouds.  In  another  piece  of  related  research  "data  suggest  that  sulfate 
aerosols  formed  from  pollutants...  can  significantly  increase  the  earth’s  albedo."  Ocean  circulation  and  heat 
exchange  is  also  a  complex  process  which  has  not  been  adequately  accounted  for  in  many  models.  Other  factors 
such  as  fluctuations  in  the  brightness  of  the  sun  may  also  play  a  role.  More  research  and  the  development  of  more 
sophisticated  models  are  necessary  to  provide  better  answers. 

Crosson,  Pierre.  Greenhouse  Warming  and  Climate  Change  -  Why  Should  We  Care?  Food 
Policy,  p.  107-118,  May  1989. 

Crosson  provides  a  careful  and  well-documented  review  of  greenhouse  warming  and  its  likely  effects  on  climate. 
Special  attention  is  given  to  the  impact  on  agriculture  and  the  overall  economic  and  environmental  costs  of  world 
agricultural  production.  The  scientific  conclusion  is  that  less  than  half  the  current  annual  carbon  emissions  are 
captured  by  the  oceans  and  terrestrial  sinks,  and  the  increasing  concentrations  of  greenhouse  gases  will  certainly 
affect  climate,  although  the  full  effect  may  not  be  evident  for  several  decades.  The  social  conclusion  is  that  we  must 
care  enough  to  take  action  now  for  three  reasons.  "First,  the  potential  threats  of  climate  change  to  human  welfare 
are  at  least  as  severe  as  many  of  those  we  now  take  seriously.  Second,  the  moral  imperative  of  intergenerational 
equity  imposes  on  out  generation  the  obligation  to  consider  seriously  the  consequences  of  our  actions  on  the  welfare 
of  future  generations.  Third,  by  beginning  to  mobilize  now  to  reduce  greenhouse  gas  emissions... we  have  a 
chance... to  hold  future  climate  change  within  limits..." 

Evans,  Gary  R.  Agriculture,  Forestry,  and  Food  Security  in  Relation  to  Global  Change. 

Marine  Technology  Society  (MTS)  Journal,  p.  30-37,  v.25,  no. 4,  Winter  1991-1992. 

Evans,  Special  Assistant  for  Global  Change  Issues  in  the  U.S.  Department  of  Agriculture,  asserts  that  the  greatest 
threat  posed  by  global  change  is  from  the  potential  effects  on  our  ability  to  produce  food  and  fiber.  Acknowledging 
that  more  research  needs  to  be  done,  he  proposes  a  comprehensive  approach  which  would  permit  maximum 
flexibility  in  selecting  responses  while  achieving  global  results.  He  proposes  two  general  types  of  strategies: 
Mitigating  strategies  could  be  used  to  limit  or  offset  emissions  of  greenhouse  gases  such  as  promoting  no-tillage 
farming  and  reduction  in  the  burning  of  trees  and  other  forms  of  biomass.  Adaptation  strategies  facilitate  natural 
and  societal  adjustment  to  the  effects  of  global  change  such  as  genetic  improvement,  bioengineering  stress  tolerance, 
or  altering  agricultural  management  systems. 

Fulkerson,  William,  et  al.  Global  Warming:  An  Energy  Technology  R  &  D  Challenge.  Science, 
p.  868-869,  November  17,  1989. 

Fulkerson  asserts  that  there  are  two  major  uncertainties  with  regard  to  "future  energy  technology  needs:  (i)  growth 
of  energy  demand  and  (ii)  the  seriousness  and  urgency  of  the  greenhouse  effect."  To  accommodate  these 
uncertainties  he  proposes  a  broad-based  research  and  development  (R  &  D)  effort  which  addresses  both  improving 
energy  sources  and  improving  the  efficiency  of  energy  use.  The  major  non-fossil  fuel  technologies  are  evaluated 
with  respect  to  performance,  cost,  and  social  acceptance  plus  an  estimate  of  how  much  R  &  D  funding  would  be 
required  to  make  them  competitive.  The  proposed  increased  spending  on  energy  R  &  D  is  likened  to  an  insurance 
policy  in  which  the  risk  is  small  and  the  likelihood  for  success  large. 


Gribbin,  John  and  Mary  Gribbin.  Climate  and  History:  the  Westvikings’Saga.  New  Scientist, 
p.  52-5,  January  20,  1990. 

This  interesting  article  shows  how  warming  and  cooling  trends  of  only  1-2  degrees  over  the  last  1200  years  have 
affected  the  settlement  patterns  of  Iceland  and  Greenland  by  Europeans.  The  Greenland  colonies,  for  example, 
survived  for  approximately  500  years  from  1000  to  1500  A.D.  but  were  ultimately  "frozen  out"  because  of 
increasing  cold  and  their  failure  to  modify  their  traditional  European  clothing  and  agricultural  practices. 

de  Groot,  Peter.  Are  We  Missing  the  Grass  For  the  Trees?  New  Scientist,  p.  29-30,  January 
6,  1990. 

Much  attention  has  been  focused  on  the  role  of  forests  and  plankton  in  the  global  carbon  budget;  de  Groot  reviews 
new  findings  from  a  study  by  the  United  Nations  Environment  Programme  (UNEP)  which  shows  that  grasslands 
convert  more  carbon  dioxide  into  carbohydrates  than  was  previously  believed,  perhaps  equalling  -  or  exceeding  - 
the  productivity  of  tropical  rainforests.  Previous  estimates  apparently  did  not  take  into  account  roots  or  the 
differences  in  growth  patterns  between  temperate  and  tropical  grasses.  They  also  found  that  "when  grasslands  are 
cleared  for  agriculture,  the  new  crops  are  likely  to  be  less  productive  than  the  original  species  of  wild  grasses. " 
In  a  related  finding,  de  Groot  notes  that  700  million  hectares  of  savanna  are  burned  each  year,  often  to  kill  pests 
and  encourage  new  growth.  Paul  Crutzen  of  the  Max  Planck  Institute  for  Chemistry  has  calculated  that  the  savanna 
burning  may  contribute  "three  times  as  much  carbon  dioxide  to  the  atmosphere  as  burning  the  rainforests." 

Hammond,  Allen  L.,  Eric  Rodenburg,  and  William  R.  Moomaw.  Calculating  National 
Accountability  for  Climate  Change.  Environment,  p.  11-15,  33-35,  v.33,  no.l, 
January/February  1991. 

As  one  component  of  an  international  agreement  aimed  at  limiting  man-caused  emissions  of  greenhouse  gases,  the 
authors  propose  a  Greenhouse  Index  based  on  each  country’s  "greenhouse  forcing  contribution."  This  index  could 
then  be  used  as  "a  measure  of  national  accountability  for  contribution  to  the  greenhouse  effect"  and  could  guide 
international  and  national  decisionmaking.  For  example,  using  1988  data,  their  analysis  showed  that  the  largest 
contributors  to  greenhouse  forcing  were  the  United  States  (17.1%),  USSR  (13.5%),  China  (8.1%),  and  Brazil 
(5.7%).  In  assigning  responsibility,  the  authors  hope  the  index  will  "promote  discussion,  argument,  and  action." 

Matthews,  Samuel  W.  Under  the  Sun  -  Is  Our  World  Warming?  National  Geographic,  v.  178, 
no4,  October  1990,  p.  66-99. 

In  this  heavily  illustrated  article  Matthews  focuses  on  the  effects  of  man’s  activities  and  the  sun’s  radiant  energy 
on  Earth’s  atmosphere.  Data  collected  and  projections  made  by  scientists  at  agencies  such  as  NOAA,  NASA,  and 
the  National  Center  for  Atmospheric  Research  are  presented.  The  data  indicate  that  temperatures  worldwide  have 
increased  approximately  one  degree  Fahrenheit  since  the  late  1800s.  Matthews  predicts  a  warming  of  three  to  nine 
degrees  by  the  middle  of  the  next  century,  if  atmospheric  carbon  dioxide  doubles  as  many  predict.  He  also  touches 
on  other  variables  affecting  climate  such  as  the  influence  of  the  oceans,  the  cooling  effect  of  clouds,  volcanic 
eruptions,  and  fluctuations  in  the  sun’s  output  as  well  as  other  "greenhouse  gases."  He  concludes  that  human 
activities  are  probably  affecting  our  climate  and  includes  suggestions  from  several  scientists  as  to  actions  that  should 
be  taken  now. 


Mclnemey,  Susan.  ReLeafing  the  World.  Country  Journal,  p.  22-3,  January/February  1990. 


The  author  provides  an  overview  of  the  "Global  ReLeaf"  project  sponsored  by  the  American  Forestry  Association, 
a  Washington,  D.C.-based  conservation  organization.  In  addition  to  directly  reducing  atmospheric  carbon  dioxide, 
trees  can  be  used  to  conserve  energy  and  reduce  fossil  fuel  consumption.  For  example,  "[tjhree  trees  properly 
planted  around  the  home  can  produce  enough  shade  to  cut  air  conditioning  costs  by  10  to  15  percent.  Those  planted 
as  windbreaks  can  reduce  heating  costs  considerably." 


Night  Heat:  Sulfate  Pollutants  May  Slow  Daytime  Warming.  Scientific  American,  February 
1992,  p.  21,24. 

The  results  of  a  new  study  by  Thomas  R.  Karl  of  the  National  Climatic  Data  Center  suggest  that  most  of  the 
temperature  increase  recorded  in  the  last  century,  at  least  in  the  Northern  Hemisphere,  is  the  result  of  higher  daily 
minimum  temperatures  which  means  the  nights  are  getting  warmer.  Daily  maximum  temperatures  usually  recorded 
during  the  daytime  have  hardly  increased  at  all.  One  possible  explanation  is  that  tiny  sulfate  articles  from  the 
burning  of  fossil  fuels  reflect  sunlight  during  the  daytime.  At  night,  with  no  sunlight  to  scatter,  the  atmosphere 
absorbs  the  heat  radiated  by  the  earth,  thus  concentrating  the  increase  in  nighttime  temperatures.  Sulfate  aerosols 
may  also  play  a  role  in  cloud  seeding  but  it  is  not  yet  clear  what  role  increasing  cloudiness  may  have  on  global 
warming. 

The  Once  and  Future  Weather.  Economist,  p.  95-100,  April  7,  1990. 

Provides  a  careful  and  readable  review  of  climate  history  over  approximately  the  past  100,000  years,  including  the 
various  chemical,  tree-ring,  and  fossil  records.  Irregularities  in  the  earth’s  shift  ("wobble")  on  its  axis  of  rotation 
and  variation  in  the  shape  of  its  orbit  around  the  sun  produce  the  Milankovitch  cycles  which  have  a  profound,  and 
apparently  predictable,  effect  on  climate.  Apparent  changes  in  the  circulation  patterns  of  the  oceans,  which  move 
shallow  waters  to  deep  ocean  depths,  significantly  affect  the  C02  absorbing  activities  of  the  oceans  and,  therefore, 
climate.  Given  these  large,  epochal  changes,  it  is  not  clear  what  effect,  if  any,  the  current  increase  in  atmospheric 
C02  will  have  on  global  climate. 

Page,  Jake.  A  Question  of  Degree:  Parks  Forecast  the  Effects  of  Global  Warming.  National 
Parks,  p.  24-29,  July/August  1989. 

Page  reviews  the  current  and  anticipated  effects  of  global  climate  change  with  special  emphasis  on  the  role  of  the 
National  Park  Service.  The  impact  on  the  regional  ecosystems  in  the  temperate  and  higher  latitudes  is  expected  to 
be  especially  great.  He  notes,  for  example,  the  "paleobotanists  have  determined  that  beech  forests  followed  the 
retreating  ice  of  the  last  ice  age  at  a  rate  of  20  kilometers  a  century. "  If  temperatures  rise  at  some  of  the  predicted 
rates,  beeches  would  have  to  move  500  kilometers  north  to  find  suitable  climate.  Even  modest  increases  in  sea  level 
will  have  significant  impacts  on  low-lying  areas  such  as  the  Florida  Everglades  and  coral  reefs. 


Rosenzweig,  Cynthia.  How  It  Might  Be:  Agriculture.  EPA  Journal,  p.  9-10, 
January/February  1989. 

Rosenzweig  opens  by  observing  that  climate  and  agriculture  are  inextricably  linked  so  the  projected  increase  in 
temperatures  and  changes  in  precipitation  patterns  are  likely  to  have  large  impacts  on  U.S.  agriculture.  A  variety 
of  factors  such  as  better  acclimated  crop  varieties  may  mitigate  some  of  the  negative  climate  effects.  Increased 
carbon  dioxide  may  directly  benefit  crops  by  increasing  size  and  yield.  On  the  other  hand,  warmer  climates  may 
mean  that  many  crops  will  no  longer  be  able  to  grow  in  the  South,  Midwest  and  Great  Plains  while  agricultural 
production  in  Minnesota  and  the  Great  Lakes  states  may  expand  significantly.  As  agricultural  regions  shift 
northward  with  the  warmer  weather,  crop  pests  and  livestock  diseases  will  follow.  In  warmer,  drier  regions 
increased  demand  for  irrigation  may  produce  (or  increase)  groundwater  overdrafts.  With  these  shifts  will  probably 
come  dislocation  of  people,  jobs,  and  environmental  habitats. 

Schell,  Jonathan.  Our  Fragile  Earth.  Discover,  p.  44-50,  October,  1989. 

This  non-technical  article  begins  with  a  brief  review  of  the  history  and  scientific  background  of  the  greenhouse 
effect.  Schell  goes  on  to  discuss  "the  quandary  of  the  scientists"  who,  on  one  hand,  try  to  describe  and  predict 
climate  change  which  is  very  complex  and  imperfectly  understood,  while  on  the  other  hand,  understand  that  the  only 
way  to  know  certainly  what  will  happen  is  to  watch  a  global  experiment  which  might  bring  about  immense, 
catastrophic  change. 

Schneider,  Claudine  (R-R.I.)  Turning  Down  the  Heat:  A  Plan  to  Check  the  Rate  of  Global 
Warming.  National  Parks,  p.  16-17,  42,  July/August,  1989. 

The  author  briefly  reviews  the  basis  for  concern  and  a  variety  of  possible  effects  of  global  warming.  Included  are 
descriptions  of  recent  efforts  at  the  international  level  such  as  the  1987  Montreal  Protocol  to  reduce  ozone-depleting 
chemicals;  at  the  national  level  such  as  the  proposed  Global  Warming  Prevention  Act  (H.R.1078);  and  at  the 
individual  level  such  as  participating  in  the  Global  Releaf  program,  recycling,  and  energy  conservation  in  the  home. 

Schneider,  Stephen  H.  The  Changing  Climate.  Scientific  American,  p.  70-79,  September,  1989. 

Schneider  presents  an  excellent  overview  of  the  greenhouse  effect  and  carefully  describes  what  is  known  as  well  as 
what  is  still  to  be  learned  about  the  dynamics  of  climate  change.  He  then  describes  what  current  climate  models 
are  able  to  predict  and  reviews  the  effects  in  various  sectors  including  agriculture.  Finally,  a  variety  of  possible 
responses  are  examined  with  an  assessment  of  the  positive  and  negative  aspects  of  each.  At  the  present  time  the 
author  foresees  global  warming  of  at  least  1  to  2  degrees  C  because  no  plausible  policies  are  available  to  prevent 
it.  However,  he  is  hopeful  that  some  demonstrable  change  may  in  fact  catalyze  international  cooperation. 

Schneider,  Stephen  H.  The  Greenhouse  Effect:  Science  and  Policy.  Science,  p.  771-81, 
February  10,  1989. 

This  article  describes  in  considerable  detail  the  science  behind  the  greenhouse  effect  and  the  state  of  knowledge  (in 
1989)  about  the  complex  dynamics  which  determine  climate  change.  Increased  concentrations  of  greenhouse  gases, 
most  apparently  caused  by  human  activity,  will  affect  climate;  the  questions  are  how?  and  how  much?  Schneider 
also  discusses  the  state  of  global  climate  modeling,  both  what  can  and  cannot  be  done.  Given  the  possible  scenarios, 
he  describes  possible  environmental  and  societal  impacts.  Finally,  appropriate  policy  responses  are  outlined.  The 
77  references  cited  in  the  paper  represent  a  significant  review  of  the  literature. 


Sedjo,  Roger  A.  Forests  to  Offset  the  Greenhouse  Effect:  If  ’Planting  Trees’  Could  Save  Us, 
How  Many  Trees  Would  We  Have  To...?  Journal  of  Forestry,  p.  12-15,  July  1989. 


Trees  and  other  plants  play  an  important  role  in  the  climate  process  by  converting  the  carbon  component  of  carbon 
dioxide  into  biomass  and  releasing  the  oxygen  into  the  atmosphere.  This  ability  to  sequester  carbon  means  that  the 
forests  serve  as  a  ’sink’  for  the  carbon  dioxide.  Of  course,  if  a  tree  bums  or  decays,  it  releases  carbon  dioxide  back 
into  the  atmosphere.  Also,  while  mature  forests  that  experience  little  growth  hold  carbon,  they  sequester  little 
additional  carbon  and  are  therefore  not  a  major  sink  for  atmospheric  carbon.  Current  estimates  suggest  that 
atmospheric  carbon  dioxide  is  increasing  at  a  rate  of  approximately  2.9  billion  tons  per  year.  Sedjo  estimates  that 
it  would  take  approximately  465  million  hectares  of  new  fast-growing  plantations  to  sequester  that  much  carbon 
dioxide.  Land  requirements  and  economic  costs  are  discussed.  The  author  observes  that  such  an  approach  would 
offer  a  means  of  postponing  for  30-50  years  the  build-up  of  carbon  dioxide. 

Shukla,  J.,  C.  Nobre,  and  P.  Sellers.  Amazon  Deforestation  and  Climate  Change.  Science, 
p.  1322-5,  March  16,  1990. 

In  an  effort  to  investigate  the  potential  effects  of  Amazon  deforestation  on  the  regional  physical  climate  system,  the 
authors  used  a  realistic  model  of  the  biosphere  coupled  with  a  realistic  model  of  the  atmosphere.  Assuming  that 
the  deforested  areas  would  be  replaced  by  grasses,  the  simulation  suggests  a  significant  increase  in  surface 
temperature,  reduced  evapotranspiration  and  a  decrease  in  precipitation.  In  addition,  the  model  shows  an  increase 
in  the  length  of  the  dry  season  which  would  make  re-establishment  of  the  forests  very  difficult. 

Spencer,  Roy  W.  and  John  R.  Christy.  Precise  Monitoring  of  Global  Temperature  Trends  from 
Satellites.  Science,  p.  1558-1562,  March  30,  1990. 

Atmospheric  temperature  data  from  satellite-based  microwave  sounding  units  were  analyzed  for  a  10-year  period, 
1979-1988.  These  data  are  especially  useful  because  they  provide  nearly  complete  earth  coverage  including  the 
oceans  and  southern  continents  compared  to  the  very  limited  and  uneven  distribution  of  surface  thermometer  sites. 
In  addition,  they  provide  measurements  from  various  levels  of  the  atmosphere.  The  authors  conclude  that  while 
there  was  considerable  temperature  variability  on  time  scales  from  weeks  to  several  years,  there  was  no  obvious 
trend  for  the  10-year  period. 


Stein,  Jay.  Hydrogen:  Clean,  Safe,  and  Inexhaustible.  Amicus  Journal,  p.  33-36,  Spring  1990. 

Among  the  many  alternatives  to  fossil  fuels  now  being  examined  is  hydrogen.  The  product  of  hydrogen  combustion 
is  pure  water  and  by  using  electrolysis,  the  process  can  be  reversed  to  produce  hydrogen  and  oxygen.  Despite  these 
advantages,  however,  more  research  needs  to  be  done  to  find  a  more  cost-effective  means  of  producing  hydrogen 
and  a  safer  means  of  storing  it  on-board  vehicles. 

Trefil,  James.  Modeling  Earth’s  Future  Climate  Requires  Both  Science  and  Guesswork. 
Smithsonian,  v.21,  p.  29-37,  December,  1990. 

Writing  in  a  clear,  jargon-free  style,  Trefil  reviews  what  is  known  and  what  is  not  known  about  climate  prediction 
and  modeling.  His  insightful  discussion  of  various  models,  assumptions,  and  our  limited  -  though  increasing  -  stock 
of  climate  knowledge  help  the  reader  to  understand  the  conflicting  predictions  about  global  warming.  General 
Circulation  Models  (GCMs)  contain  "minimodels’  for  each  of  the  Earth’s  systems  (ocean,  atmosphere)  each  of  which 
has  its  own  set  of  assumptions  as  well  as  assumptions  about  how  each  system  interacts.  Nevertheless,  despite  all 
the  defects  and  uncertainties,  it  is  possible  for  scientists  to  come  to  some  sort  of  consensus.  The  200-300  scientists 
who  contributed  to  the  findings  of  the  Intergovernmental  Panel  on  Climate  Change  generally  agree  that  a  doubling 
of  the  greenhouse  gases  will  result  in  a  3-to-8  degree  warming. 


Udall,  James  R.  Turning  Down  the  Heat.  Sierra,  p.  26-33.  July/August  1989. 


Udall  cites  a  variety  of  U.S.  and  international  authorities  to  demonstrate  that  there  is  widespread  support  for  the 
idea  that  global  warming  is  here.  Included  are  two  graphs  which  demonstrate  a  correlation  between  an  increase  in 
temperature  and  an  increase  in  atmospheric  carbon  dioxide.  Most  of  the  article,  however,  addresses  what  should 
and  can  be  done  to  reduce  the  emission  of  greenhouse  gases.  For  those  interested  in  figuring  out  what  their  own 
contributions  are  he  provides  a  list  of  formulas  for  domestic  calculations.  According  to  Udall,  the  greatest 
difficulties  in  dealing  with  the  problem  are  not  the  technological  aspects  but  the  political  and  social  aspects  which 
will  require  not  only  national  resolve  but  genuine  international  cooperation. 

White,  David  C.,  Clinton  J.  Andrews,  and  Nancy  W.  Stauffer.  The  New  Team:  Electricity 
Sources  Without  Carbon  Dioxide.  Technology  Review,  p.  42-50,  January  1992. 

The  authors  argue  that  researchers  should  stop  "quibbling  over  how  much  global  temperatures  could  rise,"  and  put 
more  effort  into  developing  and  implementing  a  mix  of  clean  technologies.  We  could  begin,  for  example,  by  using 
fossil  fuels  more  efficiently  with  improved  burning  technologies.  Next,  we  could  work  to  improve  carbon-free 
options  such  as  nuclear  fission;  however,  the  authors  note  both  political  concerns  and  the  as  yet  unresolved  long¬ 
term  storage  issues.  A  third  set  of  options  would  focus  more  research  on  renewable  sources  such  as  solar  and 
hydrothermal  energy.  In  order  to  bring  about  these  changes,  the  authors  suggest  that  funding  agencies  such  as  the 
U.S.  Department  of  Energy  should  spread  their  budgets  more  uniformly  to  increase  funding  to  renewable  energy 
research  from  the  current  massive  support  for  non-renewable  energy  research.  Finally,  the  authors  argue  that 
environmental  costs  need  to  be  figured  into  any  energy  investment  strategies  of  government  or  business. 

White,  Robert  M.  Greenhouse  Policy  and  Climate  Uncertainty.  Bulletin  American 
Meteorological  Society,  p.  1123-1127,  September  1989. 

White  provides  an  assessment  of  both  the  quantity  and  quality  of  information  in  the  "knowledge  base"  on  the  impact 
of  greenhouse  gases  on  the  climate  system.  He  carefully  distinguishes  between  scenarios  that  provide  a  range  of 
credible  possibilities,  and  forecasts  that  predict.  He  concludes  with  an  examination  of  policy  principles  in  an 
environment  where  "knowledge  and  information  are  being  continually  refreshed  by  new  findings  and  interpretations 
and  our  assessment  of  risk  and  uncertainties  are  continually  changing. " 
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Beltsville,  MD  20705 


Carbon  Dioxide  Information  Analysis  Center 


Oak  Ridge  National  Laboratory 

Building  1000,  MS  5335 

P.O.  Box  2008 

Oak  Ridge,  TN  37831-6335 

E-mail:  BITNET:  CDP@ORNLSTC 

OMNET:  CDIAC 


Robert  M.  Cushman,  Dir. 
Tel:  (615)  574-0390 
Fax:  (615)  574-2232 


Internet:  CDP@STC10.CTD.ORNL.GOV 


Founded:  1982 

Funding  and  Organization:  Sponsored  by  the  U.S.  Department  of 
Energy's  Carbon  Dioxide  Research  Program.  The  Oak  Ridge  National 
Laboratory  is  managed  by  Martin  Marietta  Energy  Systems,  Inc.  for 
the  U.S.  Department  of  Energy. 

Mission:  To  develop  sound  scientific  information  for  the 

evaluation  of  policy  and  government  action  in  response  to  changes 
in  emissions  and  atmospheric  concentrations  of  carbon  dioxide  and 
other  greenhouse  gases  and  resulting  climate  change. 

Activities:  Obtains,  evaluates,  and  distributes  data  associated 
with  carbon  dioxide,  other  trace  gases  and  climate. 

Publications:  "CDIAC  Communications"  (newsletter  published  three 

times  per  year);  "DOE  Research  Summary"  (four-page  monthly 
highlight  of  current  DOE-funded  research) ;  "Trends  91:  A 
Compendium  of  Data  on  Global  Change";  "Glossary:  Carbon  Dioxide 
and  Climate."  All  are  available  free. 


Center  for  Environmental  Information,  Inc. 

46  Prince  St.  Elizabeth  Thorndike,  Dir. 

Rochester,  NY  14607  Tel:  (716)  546-3796 

Fax:  (716)  325-5131 

Founded:  1975 

Members:  657 

Funding  and  Organization:  Private,  non-profit. 

Mission:  To  furnish  timely,  accurate  and  comprehensive  information 
on  environmental  issues. 

Activities:  Gathering  and  disseminating  information.  Maintains 

library  open  to  the  public.  Provides  bibliography  on  any 
environmental  subject  for  a  small  fee. 

Publications:  Global  Climate  Change  Digest  (monthly) ;  Acid 

Precipitation  Digest  (monthly) ;  CEI  Sphere  (bimonthly,  for 
members  only) . 
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Center  for  Global  Change 


University  of  Maryland  Alan  Miller,  Exec.  Dir. 

Executive  Building,  Suite  401  Christopher  Fox,  Asst.  Dir. 

7100  Baltimore  Avenue  Tel:  (301)  403-4165 

College  Park,  MD  20740  Fax:  (301)  403-4292 

Founded:  1989 

Meetings/Conventions:  Sponsors  conferences  two  or  three  times  per 
year. 

Funding  and  Organization:  Initially  funded  by  a  $1.8  million  grant 
from  the  Environmental  Protection  Agency.  Additional  funding 
received  from  foundations,  state  and  national  governments  and 
agencies,  and  private  sources. 

Mission:  To  bring  together  scientists  and  policy  analysts  from  a 

range  of  fields  to  study  environmental  quality  issues  and  their 
relationship  to  energy  use  and  economic  growth;  to  conduct 
research  assessing  the  risk  of  environmental  degradation  and  to 
investigate  technologies  and  policies  to  reduce  it;  the  Center's 
initial  priorities  include  programs  dealing  with  ozone  depletion, 
global  climate  change  and  sea  level  rise;  to  disseminate  its 
research.  The  Center  neither  litigates  nor  lobbies. 

Activities:  Coordinates  the  ongoing  research  of  the  University  of 
Maryland  scientists.  Provides  small  project  grants  to  graduate 
students  and  professors  who  want  to  begin  research  on  global 
change  problems.  Sponsors  international  conferences  and 
symposiums.  Is  now  compiling  catalogue  of  state  and  local  laws 
aimed  at  slowing  global  warming. 

Publications:  Publishes  articles  in  various  publications.  A 

listing  of  publications  is  available  upon  request. 


Clean  Energy  Research  Institute 

University  of  Miami 

219  McArthur  Building  Dr.  T.  Nejat  Veziroglu,  Dir. 

University  of  Miami  Tel:  (305)  284-4666 

P.0.  Box  248294 
Coral  Gables,  FL  31124 

Founded:  1974 
Members:  2,500 
staff:  168 

Meetings:  Two  conferences  per  year. 

Organization  and  Support:  Part  of  University  of  Miami's  College  of 
Engineering;  directed  by  an  international  council  of  scientists. 
Funded  by  University  of  Miami,  U.S.  government,  various 
foundations  and  industries. 

Mission:  To  research  and  record  environment-related  energy 
problems . 
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(Clean  Energy  Research  Institute,  continued) 


Activities:  Studies  solar  energy,  hydrogen  energy,  synthetic 

fuels,  acid  rain  and  the  greenhouse  effect.  Disseminates 
information  through  conferences  (including  the  annual  Miami 
International  Conference  on  Alternative  Energy  Sources) , 
workshops,  reports  and  journal  articles. 

Publications:  Conference  Proceedings,  annual  report  and  various 
journal  articles. 


Climate  Institute 

324  Fourth  St.,  NE  John  C.  Topping,  Jr.,  Pres. 

Washington,  DC  20002  Tel:  (202)  547-0104 

Fax:  (202)  547-0111 
Tlx:  214  858  CLIMATE  UR 

Founded:  1986 

Funding  and  Organization:  Funded  by  individual  and  institutional 
membership  fees  and  the  sale  of  informational  products. 

Mission:  To  increase  understanding  of  global  warming  and 
stratospheric  ozone  depletion. 

Activities:  Sponsors  regional  conferences  and  workshops  on  climate 
change.  Produces  reports,  conference  proceedings  and  other 
information  products. 

Publications:  Climate  Alert  (qtly  newsletter) ;  conference 
proceedings  and  monographs. 


Cooperative  Institute  for  Research  in  the  Atmosphere 

Colorado  State  University  Thomas  H.  Vonder  Haar,  Dir. 

Foothills  Campus  Tel:  (303)  491-8448 

Fort  Collins,  CO  80523 

Founded:  1980 

Staff:  54 

Funding  and  Organization:  Separately  incorporated  institution 
sponsored  by  Colorado  State  University  and  by  the  National 
Oceanic  and  Atmospheric  Administration.  Receives  support  from 
the  National  Oceanic  and  Atmospheric  Administration,  National 
Park  Service,  National  Science  Foundation,  the  Office  of 
Naval  Research,  and  the  National  Aeronautics  and  Space 
Administration . 

Mission:  To  increase  the  effectiveness  of  atmospheric  research  of 
mutual  interest  to  NOAA ,  CSU,  the  state  and  the  nation;  to 
provide  a  research  center  for  scientists  which  will  facilitate 
cooperation  on  specified  programs  and  hasten  the  training  of 
atmospheric  scientists. 
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(Cooperative  Institute  for  Research  in  the  Atmosphere,  continued) 


Activities:  Conducts  research  on  global  weather  patterns  and  their 
effects  on  agriculture,  economics  and  society.  Concentrates 
specifically  on  air  quality,  cloud  physics,  mesoscale  studies  and 
forecasting,  satellite  applications,  climate  studies, 
agricultural  meteorology,  and  model  evaluation.  Sponsors 
workshops  and  makes  presentations  to  outside  groups. 

Publications:  Publishes  research  results  in  various  professional 
journals.  Annual  report.  Newsletter. 


Cooperative  Institute  for  the  Remote  Sensing  of 

Bioqeophysical  Processes 


Complex  Systems  Research 
Center 

University  of  New  Hampshire 
Durham,  NH  03824 
and 

Earth  Sciences  Dept. 
Dartmouth  College 
Hanover,  NH  03755 


Barrett  N.  Rock,  Co-director  at 
University  of  New  Hampshire 
Tel:  (603)  862-1792 


Richard  Birnie,  Co-director  at 
Dartmouth  College 
Tel:  (603)  646-2666 


Founded:  1986 

Staff:  22 

Organization  and  Support:  Funded  by  the  National  Oceanic  and 
Atmospheric  Administration,  and  various  industries  and 
foundations . 

Mission:  To  monitor,  record  and  correlate  changes  in  earth's 
vegetation  and  weather. 

Activities:  Uses  satellite  data  and  ground  measuring  and  monitoring 
to  map  and  document  the  change  in  forest  conditions  and  ecosystem 
functions  in  the  northeastern  United  States.  Studies  the  effect 
of  the  deforestation  of  the  Brazilian  rainforest  on  cloud  cover 
patterns,  world-wide  weather  systems,  and  the  global  carbon 
cycle.  Studies  recorded  weather  patterns  and  aerial 
photography/satellite  datasets  of  the  last  40  years  to  determine 
changes  which  are  taking  place  in  the  White  Mountains  of  New 
Hampshire . 

Publications:  Publishes  articles  in  subject  journals  and  in 
proceedings  of  conferences.  For  more  information  contact  the 
Directors . 


Concern,  Inc. 

Susan  Boyd, 
Tel.:  (202) 
Fax:  (202) 


1794  Columbia  Road,  NW 
Washington,  DC  20009 
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Exec.  Dir. 

328-8160 

387-3378 


(Concern,  Inc.,  continued) 


Founded:  1970 

Funding  and  Organization:  Private,  non-profit. 

Mission:  Supply  citizens  with  the  information  they  need  to  pursue 
safe  solutions  to  problems  that  threaten  the  environment  and 
public  health  at  the  local,  state,  and  national  levels. 

Activities:  Provides  environmental  information  to  individuals, 
community  groups,  educational  institutions,  public  officials  and 
others  involved  with  the  environment,  public  education,  and 
policy  development. 

Publications:  Provides  list  of  publications  on  request. 


Environmental  Action.  Inc 


6930  Carroll  Avenue  #600 
Takoma  Park,  MD  20770 


Ruth  N.  Caplan,  Exec.  Dir. 

James  Tillman,  Public  Information 


Specialist 
Tel:  (301)  891-1100 


Founded:  1970 

Members:  15,000 

Staff:  20 

Budget:  $1.25  mil. 

Funding  and  Organization:  Private,  non-profit.  The  Environmental 
Action  Foundation  provides  technical  assistance  on  complex 
issues . 

Mission:  To  enhance  the  compatibility  of  humanity  and  the 
environment  by  preventing  pollution,  reducing  the  use  of 
nonrenewable  resources,  encouraging  the  conservation  of  energy 
and  materials,  and  eliminating  threats  to  natural  cycles. 

Activities:  Lobbies  Congress,  makes  campaign  contributions,  offers 
information  through  a  hotline  and  other  means.  Helps  organize  at 
the  grass  roots  level. 

Publications:  Environmental  Action  Magazine  (bimonthly) ;  list  of 
publications  available  upon  request. 


Environmental  Defense  Fund 


257  Park  Avenue  South 
New  York,  NY  10010 


Frederick  D.  Krupp,  Exec.  Dir. 
Chris  Magerl,  Information  Contact 
Tel:  (212)  505-2100 
Fax:  (212)  505-2375 


Founded:  1967 
Members:  over  200,000 
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(Environmental  Defense  Fund,  continued) 

Staff:  107 

Budget:  $17.8  mil. 

Meetings/Conventions:  Annual  Board  of  Trustees  meeting. 

Funding  and  Organization:  Private,  non-profit.  Five  regional 
offices . 

Mission:  To  link  science,  economics  and  law  to  create  innovative, 
economically  viable  solutions  to  environmental  problems. 

Activities:  Initiates  and  supports  legal  action  in  defense  of  the 
environment.  Uses  innovative  strategies  to  advocate 
environmental  plans  that  help  answer  society's  needs — 
wrote  the  sulfur  emissions-trading  section  of  the  Clear  Air 
Act;  established  task  force  with  McDonald's  to  study  ways 
to  reduce  the  company's  waste.  Promotes  environmental  awareness 
by  supporting  research  and  public  education. 

Publications:  Annual  Report.  EDF  Letter  (bimonthly) .  Numerous 

papers,  pamphlets  and  articles  and  books  on  the  subjects  of  acid 
rain,  toxic  and  hazardous  materials,  biotechnology,  global 
climate  change,  solid  wastes  and  recycling, and  wildlife 
conservation.  A  listing  of  current  publications  in  print  will  be 
sent  upon  request. 


Friends  of  the  Earth 


530  Seventh  Street,  SE  Mike  Clark,  Exec.  Dir. 

Washington,  DC  20003  Kaiki  Kehoe,  Public  Information 

Officer 

Tel:  (202)  544-2600 

Founded:  1969 

Members:  15,000 

Staff:  22 

Budget:  $350,000 

Funding  and  Organization:  Private,  non-profit.  Affiliated  with 
Friends  of  the  Earth  Foundation  and  Friends  of  the  Earth 
International . 

Mission:  To  advocate  the  preservation,  restoration,  and  rational 

use  of  the  earth's  resources. 

Activities:  Lobbies  Congress  and  participates  in  law  making  and 

monitoring  activities.  Conducts  research  and  disseminates 
information  through  a  variety  of  ways. 

Publications:  Not  Man  Apart  (newsletter,  bimonthly) ;  books, 

articles  and  pamphlets.  Listing  available  upon  request. 
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Global  Foundation,  Inc. 


P.O.Box  24-8103  Dr.  Behram  N.  Kursunoglu,  Chairman 

Coral  Gables,  FL  33124-8103  Linda  F.  Scott,  Executive  Assistant 

to  the  President 
Tel:  (305)  284-4458 


Founded:  1977 

Staff:  4 

Budget:  $200,000 

Funding  and  Organization:  Independent,  not-for-profit  organiza¬ 
tion.  Funded  by  the  U.S.  government,  foundations,  businesses  and 
membership  fees  and  gifts  of  individual  and  institutional 
members . 

Mission:  To  conduct  research  and  disseminate  information  and  to 
support  research  and  work  being  done  by  other  institutions 
concerning  major  global  problems  including  energy  and 
international  environmental  problems,  arms  non-proliferation. 

Activities:  Brings  senior  men  and  women  of  science  and  learning 

and  outstanding  achievers  and  entrepreneurs  from  industry, 
government,  and  international  organizations  together  with 
promising  and  enthusiastic  young  people  to  work  together  on 
solutions  to  major  world  problems  and  problems  on  the  frontiers 
of  science.  Sponsors  lectures,  workshops,  and  conferences 
(including  the  annual  International  Scientific  Forum  on  Energy). 
Sponsors  university  courses  on  nuclear  issues,  energy,  and 
environment. 

Publications:  Various  books  and  papers,  news  releases,  proceedings 
of  seminars,  workshops,  conferences  and  international  forums. 


Global  Releaf 


The  American  Forestry  Sally  Caudill,  Public  Relations 

Association  (202)  667-3300 

P.0.  Box  2000 

Washington,  DC  20013 

Founded:  1988 

Mission:  To  improve  the  earth's  environment  by  promoting  more  and 
better  trees  and  forests  through  a  national  education,  action  and 
policy  campaign. 

Activities:  Sponsors  tree  planting  program  through  phone  in  orders, 
$5  per  call,  1-900-420-4545. 

Publications:  Global  Releaf  Action  Guide.  Global  Releaf  Report. 


8 


Global  Tomorrow  Coalition 


1325  G  Street  NW 


Donald  R.  Lesh,  Pres. 


Suite  1010 

Washington,  DC  20005-3104 


Tel:  (202)  628-4016 
Fax:  (202)  628-4018 


Founded:  1981 

Members:  750 

Funding  and  Organization:  Private,  non-profit  coalition  of 
organizations  and  individuals. 

Mission:  Provide  a  non-partisan  forum  at  the  cutting  edge  of  social 
and  political  change,  for  the  leaders  of  key  constituencies  — 
civic  organizations,  business,  science  and  technology,  education, 
religion,  and  government  —  to  build  national  consensus  on 
sustainable  development  goals  and  practical  strategies  to  attain 
them. 

Activities:  Assists  in  organizing  public  forums.  Briefs  U.S. 

policymakers  on  global  issues  in  order  to  further  U.S.  leadership 
on  the  environment.  Serves  as  a  clearinghouse  for  the  public 
policy  programs  of  member  organizations.  Maintains  a  speakers' 
bureau . 

Publications:  Global  Tomorrow  Coalition  -  Interaction,  newsletter; 
The  Global  Ecology  Handbook,  curriculum  sets. 


Greenhouse  Crisis  Foundation 


Jeremy  Rif kin,  Pres 
Tel:  (202)  466-2823 
Fax:  (202)  429-9602 


1130  Seventeenth  St.  NW 
Suite  630 

Washington,  DC  20036 


Founded:  1988 

Funding  and  Organization:  Private,  non-profit. 

Mission:  To  focus  public  attention  on  the  threat  of  global  warming 
and  related  atmospheric  problems  -  such  as  ozone  depletion  and 
acid  rain. 

Activities:  Supports  the  Greenhouse  Crisis  Education  Campaign 
and  the  Beyond  Beef  Campaign.  Sponsors  the  International  Local 
Government  Network,  the  Global  Greenhouse  Network,  and  the 
Center  for  Sustainable  Transportation. 

Publications:  A  Citizens  Guide:  101  Wavs  to  Help  Heal  the  Earth. 
The  Green  Lifestyle  Handbook,  and  Voting  Green.  Also  an 
information  packet  on  global  warming. 
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Greenpeace  USA 

1436  U  Street  NW 
Washington,  DC  20009 


Founded:  1971 

Members:  1.8  million 

Staff:  47 

Meetings:  Quarterly  Board  meeting. 

Funding  and  Organization:  Five  regional  groups.  Affiliated  with 
Greenpeace  International.  Private,  non-profit. 

Mission:  To  preserve  the  earth  and  the  life  it  supports;  to  halt 
the  needless  slaughter  of  endangered  species;  to  protect  the 
environment  from  nuclear  and  toxic  pollution;  to  stop  the  threat 
of  nuclear  war. 

Activities:  Monitors  toxic  waste  dumping  and  acid  rain  levels. 
Participates  in  an  international  campaign  to  stop  the  testing  of 
nuclear  weapons.  Protects  the  diversification  of  animal  and 
plant  life  through  non-violent  civil  disobedience  when  necessary; 
tries  to  prevent  the  harpooning  of  whales  and  the  hunting  of 
seals  by  placing  themselves  between  the  hunters  and  the  animals. 
Conducts  wildlife  campaigns  and  ocean  ecology  research. 

Publications:  The  Greenpeace  Magazine;  Greenpeace  Examiner 

(qtly) ;  factsheets. 

Illinois  Global  Climate  Change  Program 

Illinois  State  Water  Survey  Dr.  Stanley  A.  Changnon,  Dir. 

2204  Griffith  Dr.  Dr.  Stephen  J.  Vermette,  Asst.  Dir. 

Champaign  IL  61820 

Founded:  1991 

Funding  and  Organization:  Supported  by  the  Illinois  State  Water 
Survey,  a  Division  of  the  Department  of  Energy  and  Natural 
Resources.  Additional  funding  obtained  from  external 
institutions  through  grants,  contracts  and  cooperative 
agreements . 

Mission:  To  provide  for  Illinois  and  the  Midwest  a  center  of 

expertise  addressing  the  global  climate  change  issue  with  a 
three-way  focus,  including  studies  of  climate  change  and  its 
effects,  monitoring  of  climate-related  environmental  changes,  and 
the  timely  dissemination  of  information  about  the  issue. 

Activities:  Conducts  research  on  climate  change,  in  particular  the 
impacts  of  change  on  the  environment,  industry,  and  socioeconomic 
concerns.  Aside  from  specific  physical  areas  and  economic 
sectors,  it  promotes  multidisciplinary  projects  to  investigate 
regional-scale  impacts  of  climate  change.  Regional  studies 


Peter  Bahouth,  Exec.  Dir. 
Sanjay-mishra,  Public  Information 
Coordinator 
Tel:  (202)  462-1177 
Fax:  (202)  462-4507 
Tlx:  89-2359 
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(Illinois  Global  Climate  Change  Program,  continued) 

include  the  Chicago  metropolitan  area,  the  Great  Lakes  basin,  and 
the  Illinois  River  basin.  Develops  projects  to  detect  and 
measure  climate  change  and  its  effects  on  Illinois  and  the 
Midwest.  The  Water  Survey  library  has  established  a  special 
collection  housing  publications  related  to  climate  change  and  its 
effects . 

Publications:  Provides  updated  data  and  information  on  climate 

change  through  various  brochures,  fact  sheets,  publications, 
meetings  and  conferences.  Publishes  articles  in  various 
scientific  journals;  Bv  Degrees  (  a  series  of  fact  sheets) ;  a 
series  of  publications  on  impacts  of  change  and  policy 
implications  (i.e.  impacts  of  climate  on  the  crop-weather 
insurance  industry) ;  The  Plan  for  the  Illinois  Global  Climate 
Change  Program;  miscellaneous  brochures. 


NASA  Master  Directory 


The  National  Space 
Data  Center 

Code  633 

NASA  Goddard  Space 

Greenbelt  MD  20771 

Founded:  1989 

Funding  and  Organization:  Sponsored  and  coordinated  by  NASA  and 
the  Interagency  Working  Group  on  Data  Management  for  Global 
Change  (IWGDMGC) ,  a  joint  effort  by  NASA,  NOAA,  USGS,  and  other 
government  agencies  and  universities.  Funded  by  NOAA.  Database 
input  and  management  by  NASA,  NOAA,  USGS,  and  other  government 
agencies,  universities  and  private  organizations. 

Mission:  To  enable  researchers  to  efficiently  identify,  locate,  and 
obtain  access  to  space  and  earth  science  data. 

Activities:  Maintains  a  free  multidisciplinary  computerized 

directory  to  earth  and  space  science  databases;  dial-up  access, 
keyword  searching,  menu  driven,  no  password  reguired.  Provides 
automatic  connections  to  other  databases  as  appropriate. 
Accessible  through  SPAN,  Internet  and  OMNET,  or  via  direct  dial 
(301)  286-9000.  Enter  number:  MD;  Username:  NSSDC.  Questions  in 
specific  subject  areas  should  be  directed  to  subject  specialists: 

Astronomy  —  Paul  Kuin 
Atmospheric  Sciences  —  John  Scialdone 
Geology  —  Joy  Beier 
Oceanography  —  David  Irvine 
Planetary  Sciences  —  Neil  Cline 
User  Support  —  Janis  Shipe 


Science 


Tel : 
Fax: 


(301) 

(301) 


794-5186 

794-7106 


Flight  Center 


11 


North  American  Association  for  Environmental  Education 


P.0.  Box  400 
Troy,  OH  45373 

Founded:  1971 
Members:  1500 
Meetings/Conferences:  1992  -  Toronto  Canada 

1993  -  Big  Sky,  MT 

Funding  and  Organization:  A  professional  association  of  educators 
and  administrators. 

Mission:  To  assist  and  support  the  work  of  those  engaged  in 
environmental  education. 

Publications:  Environmental  Communicator  (bimonthly  newsletter) . 


Edward  J.  McCrea,  Exec.  Dir. 
Tel:  (513)  339-6835 


Resources  for  the  Future 


1616  P  Street  N.W.  Robert  W.  Fri,  Pres. 

Washington  DC  20036  K.  Stork,  Public  Affairs  Manager 

Tel:  (202)  328-5006 

Founded:  1952 

Staff:  approx.  100 

Budget:  $7.5  mil. 

Organization  and  Support:  Independent,  non-profit.  Established 
with  the  cooperation  of  the  Ford  Foundation  and  supported  by 
endowments  and  grants  from  foundations,  government  agencies  and 
corporations.  Grants  are  accepted  on  the  condition  that  RFF  is 
solely  responsible  for  the  conduct  of  its  research  and  the 
dissemination  of  its  work  to  the  public. 

Mission:  Seeks  to  inform  and  improve  policy  debates  about  resource 
and  environmental  issues  to  those  involved  in  shaping  policy,  to 
academics,  and  to  members  of  the  interested  public.  Maintains  a 
nonpartisan,  objective  stance  on  all  specific  policy  issues  at 
the  same  time  that  it  advocates  more  efficient,  equitable,  and 
effective  policies  in  general. 

Activities:  Conducts  research  and  education  on  environmental  and 
natural  resource  issues.  Provides  support  to  research  through 
visiting  appointments  to  its  staff  and  through  grants  and 
fellowships  to  scholars  elsewhere.  Holds  conferences  and 
colloquia  on  resource  and  environmental  issues.  Sponsors  weekly 
noon-time  seminars  during  the  academic  year.  Arranges  policy 
briefings  for  members  of  Congress,  business  leaders,  the  media 
and  the  non-profit  community.  Does  not  take  positions  on  laws, 
policies,  or  events,  nor  does  it  lobby. 

Publications:  Publishes  extensively  in  the  areas  of  energy  and 

natural  resources,  environment,  and  risk  management.  Over  120 
titles  currently  available.  For  a  catalog,  contact  Manager  of 
Book  Marketing,  (202)  328-5086. 
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World  Resources  Institute 


1 


1709  New  York  Avenue,  NW  James  Gustave  Speth,  Pres. 

Washington,  DC  20006  Tel:  (202)  638-6300 

Fax:  (202)  638-0036 
Tlx:  64414  WRIWASH 

Founded:  1982 

Staff:  90 

Organization  and  Support:  Independent,  non-profit,  and 
nonpartisan. 

Mission:  Created  to  help  answer  the  question:  How  can  societies 

meet  human  needs  and  nurture  economic  growth  while  preserving 
natural  resources  and  environmental  integrity? 

Activities:  Sponsors  policy  research,  seminars,  intern  program  and 
maintains  library. 

Publications:  World  Resources  Report;  various  reports  and  books. 
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Global 

Change 

Information 

Resources 


GLOBAL  CLIMATE  CHANGE  PATHFINDER; 

A  Guide  to  Information  Sources 

Chestalene  Pintozzi  and  Douglas  E.  Jones 
Science-Engineering  Library 
The  University  of  Arizona 
Tucson,  Arizona 

This  pathfinder  is  a  guide  to  the  more  scientific  and  technical  aspects  of  global 
climate  change  including  meteorological  and  climatological  aspects;  biological, 
agricultural,  and  public  policy  implications;  and  the  chemical  processes 
involved.  Sources  are  arranged  by  type  of  publication.  Some  sections  include 
selected  bibliographies  with  emphasis  on  recent  publications.  For  additional 
information  or  for  assistance  with  using  the  sources  listed  here,  please  consult 
a  librarian  at  your  local  library. 


Second  edition 
September  1992 


National 

Agricultural 

Library 


U.S.  Department  of 
Agriculture 

Beltsviile,  MD  20705 


Contents 

Reference  Sources  . 2 

Bibliographies . 3 

Books . 4 

Indexes  and  Abstracts  .  8 

Journals .  10 

Selected  Articles  .  11 

Conferences,  Seminars,  Symposia,  Workshops  .  15 

Government  Publications  .  17 
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See  "The  Climatic  System  and  Processes  of  Climatic  Change,"  pp.  345-58  and  "The 
Carbon  Dioxide  Problem,"  pp.  349-354. 

Brackley,  Peter,  editor.  World  Guide  to  Environmental  Issues  and  Organizations.  London: 
Longman  Group  UK  Limited,  1990.  386  p. 

Useful  entries  include:  Deforestation,  pp.  42-51;  The  greenhouse  effect  and  global 
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Society.  New  York:  Norton,  1992.  256  p. 
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BOOKS 


Subject  Headings:  Two  sets  of  subject  headings.  Library  of  Congress  and  Sears,  are  widely 
used  in  libraries  in  the  United  States.  A  librarian  at  your  local  library  can  tell  you  which  is  used 
there  and  help  you  select  headings  from  the  lists  below,  or  suggest  other  subject  headings,  that 
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Library  of  Congress 


Sears 


GLOBAL  WARMING 
GREENHOUSE  EFFECT,  ATMOSPHERIC 
CLIMATIC  CHANGES 
GLOBAL  TEMPERATURE  CHANGES 
CARBON  CYCLE  (BIOGEOCHEMISTRY) 
ATMOSPHERIC  CARBON  DIOXIDE 
POLLUTION,  ENVIRONMENTAL  ASPECTS 
CROPS  AND  CLIMATE 
MAN-INFLUENCE  ON  NATURE 
GEOPHYSICAL  MONITORING  FOR 
CLIMATIC  CHANGE 


CLIMATE 
METEOROLOGY 
WEATHER 
ATMOSPHERE 
POLLUTION 
MAN-INFLUENCE  ON 
NATURE 

ENVIRONMENT-GOVERNMENT 

POLICY 

FOREST  INFLUENCES 


Introductory  Works 
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Press,  1989.  358  p. 
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Gribbin,  John  R.  Future  Weather:  Carbon  Dioxide,  Climate  and  the  Greenhouse  Effect.  New 
York:  Penguin  Books,  1983.  302  p. 
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Bach,  Wilfred.  Modeling  the  Influence  of  Carbon  Dioxide  on  the  Global  and  Regional  Climate: 
Methodology  and  Results.  Paderbom,  Federal  Republic  of  Germany:  Ferdinand  Schoningh,  1985. 
114  p. 

Barth,  Michael  C.  and  James  G.  Titus.  Greenhouse  Effect  and  Sea  Level  Rise:  A  Challenge  for 
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Bolin,  Bert,  et  al.  The  Greenhouse  Effect,  Climatic  Change  and  Ecosystems.  Chichester  [West 
Sussex];  New  York:  Published  on  behalf  of  the  Scientific  Committee  on  the  Problems  of  the 
Environment  of  the  International  Council  of  Scientific  Unions  by  Wiley,  1986.  541  p.  SCOPE 
Report  29. 

Budyko,  M.  I.  and  Yu.  A.  Izrael,  editors.  Anthropogenic  Climate  Change.  Tucson,  AZ: 
University  of  Arizona  Press,  1991.  485  p. 

Churchill,  Robin  and  David  Freestone.  International  Law  and  Global  Climate  Change.  Boston: 
Graham  and  Trotman,  1991.  447  p. 

Climate,  Climatic  Change  and  Water  Supply.  Washington,  D.C.:  National  Academy  of 
Sciences,  1977.  132  p. 
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Committee  on  Science,  Engineering,  and  Public  Policy  (U.S.).  Policy  Implications  of 
Greenhouse  Warming— Synthesis  Panel.  Policy  Implications  of  Greenhouse  Warming. 
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We  may  be  worrying  too  much  about  crops ,  coastlines  and  quick  action — 
but  too  little  about  water,  wildlife  and  gaps  in  information 


Jesse  H.  Ausubel 


Hypothesis  1: 
Faster  change 
is  worse . 


/esse  H.  Ausubel  is  a  Fellow  in  Sci¬ 
ence  and  Public  Policy  at  the  Rocke¬ 
feller  University  and  Director  of 
Studies  for  the  Carnegie  Commis¬ 
sion  on  Science,  Technology  and 
Government.  This  article  is  adapted 
from  a  background  paper  he  con¬ 
tributed  to  Policy  Implications  of 
Greenhouse  Warming,  published 
in  Api  11  hy  the  National  Academy 
T.  Mr.  Ausubel  received  his 
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With  the  passage  of  time,  a  picture  of  an 
issue  tends  to  settle  into  the  public 
mind.  A  few  images  and  sound  bites  come 
to  monopolize  our  thinking.  Now  that  the 
"greenhouse  effect"  issue  has  been  promi¬ 
nent  in  the  news  media  for  a  few  years,  such 
a  collection  of  ideas  has  started  to  form — a 
shared  set  of  images  and  concerns  about  life 
on  a  warmer  earth.  The  dominant  images 
are  probably  those  of  parched  crops  and 
flooded  coastlines.  The  best-remembered 
phrase  may  be  "the  next  most  serious  threat 
after  nuclear  war,"  from  the  declaration  of 
the  International  Conference  on  the  Chang¬ 
ing  Atmosphere  in  1987. 

To  what  extent  do  such  widely  held  ideas 
and  impressions  match  the  current  state  of 
knowledge  about  the  human  impacts  of 
global  climate  change?  This  question  de¬ 
serves  close  examination.  As  we  consider 
new  public  policies  and  large  economic  in¬ 
vestments,  it  is  important  to  recognize  the 
picture  on  which  society  is  implicitly  relying 
for  its  dedsion-makinv  T*  ’s  also  important 
to  examine  closely  the  common  wisdom,  to 
understand  gaps,  weaknesses  and  contradic¬ 
tions  in  the  picture,  and  to  consider  how  the 
picture  might  improve. 

As  part  of  the  recent  study  on  policy  im¬ 
plications  of  global  warming  conducted  by 
the  National  Academies  of  Sciences  and  En¬ 
gineering,  I  was  asked  last  year  to  join  in 
such  an  examination.  In  an  effort  to  summa¬ 
rize  popular  perceptions  of  the  human  im¬ 
pacts  of  global  warming,  I  scanned  magazine 
and  newspaper  articles  and  records  of  Con¬ 
gressional  hearings,  and  looked  at  visual  ma¬ 
terial  ranging  from  book  covers  and  cartoons 
to  educational  video  tapes.  I  noticed  that  cer¬ 
tain  themes  were  sounded  with  confidence 
again  and  again,  and  that  eight  hypotheses 
seemed  to  form  the  core  of  the  conventional 
wisdom.  The  eight  hypotheses  are: 

1.  Faster  change  is  worse. 

2.  Waiting  to  make  policy  and  to  take  ac¬ 
tion  will  drive  up  the  costs  of  response. 


3.  There  are  only  losers  from  climatic 
change. 

4.  The  most  important  impacts  will  be  on 
agriculture  and  from  sea  level  rise. 

5.  Changes  in  extremes  will  be  more  im¬ 
portant  than  changes  in  means. 

6.  The  changes  envisioned  are  unprece¬ 
dented. 

7.  Impacts  will  be  worse  on  less-devel¬ 
oped  countries  than  on  developed  countries. 

8.  There  are  hedging  strategies  that  are 
clearly  economical. 

In  this  article,  I  shall  make  an  effort  to  test 
these  hypotheses  against  research  findings 
from  the  literature  about  the  impacts  of  cli¬ 
mate  change,  which  has  burgeoned  since  the 
late  1970s.  As  with  any  group  of  hypotheses, 
some  hold  up  better  than  others  on  close  in¬ 
spection;  a  few  appear  to  bear  little  relation 
to  what  evidence  has  been  gathered.  I  would 
like  to  offer,  therefore,  a  revised  set  of  state¬ 
ments  and  some  thoughts  about  the  direc¬ 
tions  for  future  research  and  policy  debate 
that  are  suggested  by  this  exercise. 

1.  Is  Faster  Change  Worse? 

One  of  the  most  common  statements  made 
about  the  consequences  of  global  warming  is 
that  they  will  necessarily  be  severe  because 
of  the  unusually  rapid  pace  at  which  warm¬ 
ing  is  expected  to  proceed.  An  increase  of  3 
degrees  Celsius  in  the  annual  average  tem¬ 
perature  over  50  years  is  seen  as  more  threat¬ 
ening  than  a  3-degree  warming  that  takes 
place  over  75  years. 

The  research  usually  dted  to  demonstrate 
the  importance  of  rates  of  change  has  to  do 
with  the  migration  of  trees.  The  essential 
point  is  that  in  a  scenario  of  rapid  warming, 
trees  will  not  be  able  to  move  as  fast  as  the 
climate.  The  power  and  relevance  of  this  ex¬ 
ample  must  be  assessed  in  the  context  of  the 
numerous  changes  likely  to  occur  over  the 
given  time  frame.  Each  recent  century  has 
brought  massive  land  and  ecosystem  trans¬ 
formations.  In  past  centuries  the  major  forces 
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were  the  spread  of  agriculture  and  the 
crrowth  of  cities,  rather  than  climatic  shifts. 

We  must  ask  how  likely  it  is  that  during 
the  next  100  years  climatic  change  will  match 
or  exceed  other  forces — gypsy  moths,  spruce 
budworms,  vacation  homes — as  a  trans¬ 
forming  factor  for  ecosystems.  Rapid  change 
in  climate  may  be  exceeded  in  importance 
for  forests  by  changes  in  soil  dynamics,  acid¬ 
ification,  seed  sources  and  the  direct  effects 
of  trace  gases,  air  pollution  and  forest-man¬ 
agement  strategies — not  to  mention  the  mar¬ 
kets  for  wood  products. 

This  ecological  example  illustrates  that  for 
both  natural  and  built  systems,  one  must  as¬ 
sess  the  importance  of  the  rate  of  climatic 
change  by  comparing  it  with  the  rates  at 
which  the  systems  that  might  be  affected 
change  and  adapt.  We  can  ask,  for  instance: 
How  frequently  does  industry  acquire  new 
capital  stock,  and  how  often  does  agriculture 
adopt  new  equipment  and  seeds  to  adjust  to 
changing  conditions?  How  quickly  is  the 
stock  of  residential  and  industrial  buildings 
replaced  and  renovated?  How  quickly  are 
water  supply  systems  and  dikes  construct¬ 
ed  and  renewed?  Surveying  these  rates  sug¬ 
gests  that  in  most  cases  they  are  rapid  in  re¬ 
lation  to  the  projected  climatic  change. 

It  is  also  important  to  ask  to  what  extent  it 
is  possible  to  separate  the  rate  of  change 
from  the  direction  of  change.  If  the  forecast 
is  for  a  greening  of  the  Sahara  Desert,  many 
Africans  in  the  regions  affected  would  prob¬ 
ably  prefer  that  the  increase  in  rainfall  occur 
over  20  to  30  years  rather  than  over  50  to 
100  years.  Without  some  notion  of  the  direc¬ 
tion  of  change,  then,  rates  themselves  may 
not  matter  much,  except  in  an  extreme  sce¬ 
nario.  In  such  a  scenario,  the  climate  is 
changing  like  a  spinning  carnival  ride,  and 
the  sensations  are  equally  disorienting 
whether  traveling  clockwise  or  counter¬ 
clockwise.  Short  of  such  a  scenario,  one  has 
to  ask,  "What  is  fast?"  and  look  for  thresh¬ 
olds  at  which  rates  clearly  begin  to  be  im¬ 
portant.  Would  consequences  differ  percep¬ 
tibly  if  the  rate  of  change  globally  is,  say,  0.3 
degree  Celsius  per  decade  rather  than  0.2 
degree  per  decade? 

In  the  end,  the  critical  question  for  soci¬ 
eties  and  their  economies  may  be  whether 
the  climatic  change  is  expected,  rather  than 
how  rapid  it  is.  Fast  change  that  is  anticipat¬ 
ed  may  matter  less  than  slower  change  that 
is  unforeseen.  The  specific  shape  of  the  tran¬ 
sition  may  also  matter  more  than  the  rate 
averaged  over  decades.  A  steady,  linear 
movement  that  after  50  years  leaves  the  cli¬ 
mate  warmer  by  3  degrees  Celsius  may  be 
less  problematic  than  a  jagged,  irregular 
movement  to  a  climate  warmer  by  2  de¬ 
grees,  since  in  the  former  case  conditions 
can  be  better  anticipated. 


2.  Must  We  Act  Now? 

Those  who  advocate  putting  off  actions  that 
are  proposed  in  anticipation  of  global  cli¬ 
matic  change  often  hear  that  waiting  will 
make  the  costs  of  response  higher.  This  posi¬ 
tion  is  grounded  in  pessimism  about  future 
technology,  future  economic  resources  and 
the  ability  to  acquire  new  information. 

Several  lines  of  evidence  argue  against  this 
pessimistic  assumption.  First,  the  menu  of 
response  options  may  increase  through  in¬ 
novations,  technological  and  otherwise.  If  it 
were  decided  today  that  societies  should  im¬ 
mediately  reduce  their  greenhouse-gas  emis¬ 
sions  by  20  percent,  several  countries  might 
achieve  this  reduction  by  building  light-wa¬ 
ter  nuclear  reactors.  Such  investment  would 
further  lock  these  societies  in  to  energy  tech¬ 
nologies  that  may  be  inferior  to  alternatives, 
nuclear  or  non-nuclear,  that  will  be  available 
fairly  soon.  In  short,  it  is  not  clear  that  it  is 
better  for  the  United  States  to  spend,  say, 
$100  billion  during  the  next  five  years  on  nu¬ 
clear  and  alternative  energy  technologies  to 
reduce  carbon  dioxide  emissions  than  to 
wait  and  spend  the  equivalent  amount  dur¬ 
ing  a  future  period. 

In  fact,  if  there  is  economic  growth  in  the 
intervening  period,  the  available  and  spend¬ 
able  resources  should  increase.  It  may  then 
be  possible  to  select  choices  from  the  menu 
that  are  now  excluded  because  of  high  cost. 
In  other  words,  if  a  future  society  is  wealthi¬ 
er  than  today's,  it  may  be  able  to  finance 
highly  attractive  response  options  that  are 
unaffordable  at  present;  these  options  might 
render  superfluous  the  clumsy  interventions 
that  now  dominate  the  set  of  feasible  choices. 
In  the  U.S.  Environmental  Protection  Agen¬ 
cy's  scenario  of  unimpeded  growth  in  the 
emission  of  greenhouse  gases,  annual  per 
capita  global  income  in  the  year  2100  is  pro¬ 
jected  to  be  $35,600.  Per  capita  income  in  the 
United  States  would  be  $150,000  or  more,  if 
current  income  ratios  hold.  Such  flows  of 
wealth  open  wide  vistas  for  adaptation  to 
climate  change,  as  well  as  for  expenditures 
to  reduce  greenhouse-gas  concentrations. 

When  we  shift  our  perspective  away  from 
the  world's  centers  of  prosperity,  the  deasions 
are  different  but  the  conclusions  not  necessar¬ 
ily  so.  For  parts  of  the  world  such  as  Africa, 
many  urgent  questions  of  immediate  survival 
and  economic  development  must  be  faced.  In 
these  regions  it  is  important  to  analyze  care¬ 
fully  whether  now  is  the  proper  time  to  begin 
allocating  resources  in  anticipation  of  the  un¬ 
certain  impacts  of  global  warming.  And  in  the 
U.  S.  S.  R.  and  the  nations  of  Eastern  Europe, 
the  optimal  timing  of  greenhouse  investments 
must  be  explored  in  Light  of  the  urgent  need 
to  put  in  place  better  private  and  governmen¬ 
tal  decision-making  processes. 

The  argument  about  timing  is  also  depen- 
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dent  on  the  quality  of  the  information  now 
in  hand  and  the  probability  that  it  will  im¬ 
prove.  There  are  areas  in  which  we  have  rea¬ 
son  to  be  optimistic  that  we  will  have,  as 
time  goes  on,  information  useful  in  making 
measured  responses  to  the  challenge  of  cli¬ 
matic  change.  New  information  could,  for 
example,  allow  us  to  better  assess  the  likeli¬ 
hood  of  various  amounts  of  sea-level  rise 
and  thus  guide  resources  more  efficiently 
into  a  variety  of  adaptive  responses.  In  the 
case  of  large,  lumpy  investments  such  as 
those  needed  to  protect  coastal  regions  from 
flooding  and  seawater  intrusion  or  to  trans¬ 
fer  water  between  river  basins,  it  is  not  ap¬ 
parent  that  the  quality  of  current  forecasts  is 
sufficient  to  trigger  action. 

There  may,  however,  be  actions  that  are 
more  easily  and  effectively  taken  now,  or 
soon.  As  the  world  becomes  more  crowded 
with  people,  it  is  likely  to  become  more  diffi¬ 
cult  to  reserve  land  for  corridors  that  would 
allow  the  migration  of  plants  and  animals  as 


climate  shifts.  In  some  regions,  such  as 
coastal  zones  and  floodplains,  waiting  may 
further  set  society  into  patterns  that  increase 
vulnerability  and  reduce  flexibility.  A  paral¬ 
lel  argument  applies  to  the  use  of  fossil  fuels: 
The  further  they  are  allowed  to  penetrate 
into  the  fabric  of  society,  the  larger  becomes 
the  job  of  substituting  for  them. 

In  summary,  if  society  becomes  better  sup¬ 
plied  with  tools,  money  and  knowledge,  the 
menu  of  options  for  adaptation  will  be  supe¬ 
rior  in  the  future — far  superior,  l  it  techno¬ 
logical  and  economic  progress  of  the  past  100 
years  continues  apace.  Because  information 
is  easier  to  transfer  than  are  wealth  and  tech¬ 
nology,  it  is  especially  important  to  acquire 
better  information  as  quickly  as  possible.  A 
stitch  in  time  saves  nine  if  you  know  how  to 
make  the  right  stitch.  It  is  quite  possible  that 
the  optimal  present  strategy  on  the  green¬ 
house  issue,  for  many  nations,  is  a  contin¬ 
ued  emphasis  on  increasing  the  information 
available  and  improving  its  quality. 


Figure  1.  Economic  costs  of  global  cooling  might  far  exceed  those  of  global  warming.  A  study  of  the  costs  of  atmospheric  cooling 
undertaken  by  the  U.  S.  Department  of  Transportation  in  the  early  1970s  found  that  a  decrease  in  average  temperature  of  1  degree  Celsius 
would  be  costly,  but  that  a  warming  of  0.5  degree  Celsius  would  produce  net  economic  benefits.  The  study  noted  that  medical  expenditures, 
mortality  and  wages  all  seemed  to  increase  with  cooler  temperatures.  Activities  related  to  forest  products  and  to  marine  resources  were 
expected  to  benefit  from  warming.  The  effects  of  warming  on  wheat,  rice,  U.  S.  forest  products  and  health  were  not  estimated.  Blue  bars 
show  estimated  effects  of  cooling;  red  bars  are  effects  of  warming.  Equivalent  impacts  on  U.S.  public  expenditures  were  expected  to  result 
from  either  cooling  or  warming  (purjtle  bar).  Information  in  parentheses  describes  the  areas  covered  by  the  study.  (Data  from  CLAP  1975.) 
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3.  Will  We  .411  Be  Losers? 

The  contention  that  there  will  be  no  winners 
from  global  warming  seems  to  rest  on  three 
arguments.  One  is  the  risk  of  a  shift  to  a 
calamitous  climate,  in  which  warming 
would  reach  a  catastrophic  extreme — a  hot 
climate  as  Extreme  as  the  cold  one  experi¬ 
enced  18,000  years  ago,  when  the  average 
temperature  was  cooler  by  5  degrees  Celsius 
aod  an  ice  sheet  buned  North  America.  A 
second  argument  emphasizes  the  accumula¬ 
tion  of  global  problems.  The  third  is  based 
on  the  perception  that  society  is  becoming 
increasingly  brittle. 

The  first  argument  emphasizes  the  non- 
negligible  probability  that  climatic  change 
will  follow  a  catastrophic  course,  in  which 
case  the  "everybody  loses"  statement  is — 
tautologically — true.  This  could  occur  if 
greenhouse-gas  emissions  are  extremely 
high,  if  atmospheric  concentrations  reach 
very  high  levels,  and  if  the  expected  warm¬ 
ing  follows.  A  scenario  of  even  greater  con¬ 
cern  is  that  of  a  "runaway"  greenhouse  ef¬ 
fect,  in  which  a  relatively  small  change  in 
concentrations  triggers  an  unexpectedly 
large  change  in  the  climate  system.  Such  a 
scenario  is  physically  possible,  but  so  far  is 
not  supported  by  much  more  than  highly 
conjectural  assertions.  One  set  of  interesting 
conjectures  relates  to  shifts  in  ocean  cur¬ 
rents,  which  appear  to  have  occurred  quite 
rapidly  and  unaccountably  in  the  past.  An¬ 
other  relates  to  warming  in  high  latitudes; 
this  might  release  large  amounts  of  methane 
from  clathrates  in  the  tundra  and  continen¬ 
tal  margins,  thereby  greatly  increasing 
greenhouse-gas  concentrations  in  the  atmo¬ 
sphere.  It  might  be  useful  to  survey  experts 
to  ascertain  what  they  think  is  the  probabil¬ 
ity  of  such  a  scenario:  1  in  10,  in  100,  in 
1000?  Contingency  plans  must  be  developed 
for  high-consequence,  low-probability  sce¬ 
narios,  just  as  contingency  plans  are  made 
for  earthquakes,  reactor  failures  and  threats 
of  nuclear  war. 

The  second  argument  for  the  "everybody 
loses"  hypothesis  is  that  environmental 
change  will  cause  extreme  and  comprehen¬ 
sive  destabilization  of  social  and  economic 
conditions  worldwide.  Like  the  runawav 
greenhouse  effect  argument,  this  is  plausible 
but  entirely  conjectural.  A  scenario  has  yet  to 
be  worked  out  in  detail,  beyond  populariza¬ 
tions.  The  essence  of  the  view  is  that  almost 
everything  in  the  world  is  going  wrong — 
that  all  the  indicators  about  population, 
food,  terrorism,  radiation  and  the  ozone  lav- 
er,  for  example,  are  moving  ominously.  The 
overall  system  is  heading  for  catastrophe, 
and  climate  is  part  and  parcel  of  this.  Cli¬ 
matic  changes  will  add  stress  by  reducing 
the  reliability  with  which  a  population  of  10 


billion  can  be  fed  and  by  adding  to  the  num¬ 
ber  of  refugees  as  a  result  of  rising  seas.  In 
this  view,  the  amount  of  climatic  change 
matters,  with  larger  being  worse,  but  even  a 
small  change  could  be  bad — the  straw  that 
breaks  the  camel's  back. 

A  variation  on  this  argument  holds  that 
sodotechnical  systems  are  becoming  more 
brittle.  Although  for  many  specific  contin¬ 
gencies  societies  may  be  insulating  them¬ 
selves  successfully  from  climatic  change, 
this  protection  comes  through  increasingly 
elaborate  systems  that  are  more  vulnerable 
to  catastrophe  from  both  natural  and  social 
hazards  that  may  occur  infrequently.  In  the 
open  and  enlarging  world  system  of  today, 
vulnerability  may  be  shared  ever  more 


Figure  2.  Milometers  of  ancient  Egypt  measured  the 
annual  spring  flood  of  the  River  Nile,  which 
determined  the  success  of  the  following  growing 
season.  This  scale  shows  the  interpretation  of 
nilometer  readings  (in  cubits)  that  was  in  use  during 
the  time  of  the  Roman  scholar  Pliny  (AD  23 — 79). 
From  hard  experience,  the  Egyptians  knew  that 
disaster— catastrophic  flooding  that  could  destroy 
their  canals  and  dikes — impended  just  above  the 
ideal  river  level  (Heathcote  1985).  Some  would 
suggest  that  the  current  annual  average  temperature 
of  the  earth,  16  degrees  Celsius,  similarly  places 
society  not  far  below  climatic  disaster. 
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annual  probability  of  a  heat  wave 

Figure  3.  Heat  waves  are  a  worrisome  probable  consequence  of  an  increase  in 
global  temperature.  According  to  one  estimate,  the  odds  of  having  a  heat  wave  in  a 
given  year  could  double  or  triple  in  some  major  cities  if  the  average  temperature 
increased  by  3  degrees  Celsius,  with  no  increase  in  temperature  variability.  Bars 
show  the  annual  probability  of  a  heat  wave,  defined  as  five  or  more  consecutive 
days  on  which  the  high  temperature  exceeds  a  threshold — 95  degrees  Fahrenheit  for 
Washington  and  Des  Moines,  100  degrees  for  Dallas.  Pale-red  bars  represent  the 
odds  of  a  heat  wave  without  a  warming;  bright-red  bars  show  the  odds  after  the 
increase  in  average  temperature.  (Data  from  Meams,  Katz  and  Schneider  1984.) 


widely,  and  consequences  may  ripple  into 
previously  unrelated  areas  or  societies.  This 
argument  is  comparable  to  concerns  about 
electricity  blackouts,  the  implications  of 
which  multiply  with  our  growing  depen¬ 
dence  on  a  reliable  power  supply.  In  this 
perspective,  even  small  climatic  changes 
could  trigger  collapse  of  social  and  physical 
structures. 

Balanced  against  arguments  that  any  cli¬ 
matic  change  is  bad  or  extremely  risky  for 
everyone  is  specific  research  showing  that 
there  could  be  winners  from  climatic  change. 
This  proposition  seems  logical.  The  present 
climate  of  the  earth  is  harsh  in  many,  if  not 
most,  parts  of  the  globe.  It  is  easy  to  imagine 
that  several,  even  many,  regions  will  find 
themselves  in  more  favorable  conditions — 
milder  winters,  more  abundant  rainfall — as 
climate  warms.  One  study  suggests  that 
there  may  be  an  increase  of  from  3  to  11  per¬ 
cent  in  global  mean  precipitation. 

Indeed,  there  is  a  growing  body  of  litera¬ 
ture  showing,  based  on  analyses  of  the  wide¬ 
ly  dted  results  of  general-circulation  mod¬ 
els,  that  there  would  be  benefits  from  global 
climate  change.  For  example,  on  the  basis  of 
detailed  studies  of  Japanese  agriculture, 
Masatoshi  Yoshino  and  his  colleagues  con¬ 
cluded  in  1988  that  in  Japan,  scenarios  based 
on  a  doubling  of  atmospheric  carbon  dioxide 


levels  "would,  cetcns  paribus,  result  in  an 
enormous  rice  surplus."  This  conclusion  is 
based  on  analyses  of  rice  yields  relative  to 
the  long-term  baseline  productivity'  for  a 
"dumb  farmer,"  that  is,  one  who  takes  no 
adaptive  steps  but  goes  about  his  business 
in  the  climate  brought  about  bv  doubled  CO, 
in  the  atmosphere  as  if  it  were  the  climate  of 
today.  Yoshmo's  group  noted  that  most  of 
their  estimates  reflected  a  poor  response  for 
a  well-managed  commercial  crop.  The  sur¬ 
plus  would  be  even  greater  if  farmers  were, 
as  is  probable,  to  adapt  their  cultivation 
methods  to  the  new  climate  bv  actions  such 
as  introducing  more  heat-loving  rice  vari¬ 
eties  wtith  earlier  planting  dates.  Such  ad¬ 
justments  might  result  in  increases  of  rice 
yields  in  areas  of  Japan  of  up  to  25  percent, 
relative  to  recent  levels.  A  similar  case  study 
showed  that  major  national  surpluses  of 
food  grains  can  also  be  expected  in  Finland. 

It  is  also  worth  noting  that  migration 
trends  suggest  that  many  people  seem  to 
prefer  a  warmer  climate.  Within  the  United 
States,  the  migration  toward  the  Sunbelt  has 
been  widely  analyzed.  To  a  large  extent  this 
is  a  climate-induced  migration;  people  even 
accept  lower  wages  to  live  in  warmer  cli¬ 
mates.  A  similar  phenomenon  has  occurred 
in  Canada.  The  behavior  of  populations  over 
the  past  few  decades  thus  suggests  that 
many  people  might  feel  themselves  winners 
to  have  a  warmer  climate,  other  things  being 
equal  or  nearly  so. 

Finally,  there  is  also  the  curious  fact  that 
previous,  detailed  studies  showed  that  on 
balance,  global  cooling  would  be  adverse 
and  global  warming  beneficial.  These  stud¬ 
ies,  undertaken  as  part  of  the  Climate  Im¬ 
pact  Assessment  Program  (CLAP)  of  the 
U.S.  Department  of  Transportation  in  the 
early  1970s,  were  primarily  concerned  with 
the  possibility  of  global  cooling  that  might 
be  associated  with  a  large  fleet  of  super¬ 
sonic  transport  planes  operating  in  the 
stratosphere.  The  warming  scenarios  were 
explored  partly  as  a  reference  point.  As  Fig¬ 
ure  1  shows,  both  warming  and  cooling 
produced  a  blend  of  benefits  and  costs. 
Global-cooling  scenarios  produced  net 
costs,  whereas  moderate  global-warming 
scenarios  tended  to  produce  net  benefits. 
Studies  combining  warming  and  cooling 
scenarios  with  both  increases  and  decreases 
in  precipitation  yielded  essentially  the 
same  result,  with  a  warmer  and  wetter  sce¬ 
nario  the  most  favorable.  The  numbers  sug¬ 
gest  a  logical  conclusion:  tjaat  there  are  both 
winners  and  losers  with  any  gradual  cli¬ 
mate  change. 

(The  Japanese  and  Finnish  studies  take  ac¬ 
count  of  an  important  additional  fact:  that 
carbon  dioxide  is  food  for  plants.  Holding 
other  conditions  steady,  doubling  the  CO, 
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content  of  the  atmosphere  appears  likely  to 
increase  yields  by  somewhere  between  10 
and  50  percent.) 

It  is  tempting  Jo  speculate  that  analyses 
of  any  potential  climatic  change — whether 
cooling  in  the  early  1970s  or  warming  for 
the  past  deijade — are  somehow  biased  by  a 
sense  of  threat.  Alternatively,  it  is  possible 
to  argue  that  human  societies  are  now  pre¬ 
cariously  balanced  from  a  socioeconomic 
viewpoint  at  a  climatic  optimum,  reminis¬ 
cent  of  the  gradations  used  by  the  ancient 
Egyptians  to  interpret  the  readings  on  their 
nilometers  (Figure  2),  which  measured  the 
height  of  the  Nile  River.  It  is  true  that  either 
^  vast  expansion  of  glaciers  or  Venusian  heat 
would  render  human  habitation  of  earth 
more  difficult,  very  miserable,  and  perhaps 
impossible.  But  no  convincing  evidence  ex¬ 
ists  to  replace  the  stone  markings  used  by 
the  Pharaohs  to  measure  the  height  of  the 
Nile  with  measures  of  annual  average  glob¬ 
al  temperature.  By  coincidence,  the  number 
16 — the  river  level  signifying  "abundance," 
located  not  far  below  disaster — is  about  the 
current  number  for  global  average  tempera¬ 
ture,  in  degrees  Celsius. 

There  are  also  losers  from  a  scenario  in 
which  limitations  are  placed  on  emissions  of 
greenhouse  gases.  In  this  case  the  losers  are 
the  individuals,  groups  or  nations  whose 
economic  development  is  slowed  because  of 
higher  energy  prices  or  other  barriers  to  ac¬ 
cess  and  use  of  carbon  (or  of  other  resources 
related  to  emissions  of  greenhouse  gases). 
The  losers  also  would  include  the  carbon- 
rich  nations  whose  resource,  in  or  on  the 
ground,  is  devalued  by  restrictions  on  car¬ 
bon  use.  In  fact,  the  biggest  economic  losers 
from  a  reduction  in  CO,  emissions  might  be 
the  less-developed  countries  and  the  oil-ex¬ 
porting  countries.  Carbon  is  the  largest  ex¬ 
port  of  the  poor  nations  of  the  South  to  the 
nch  nations  of  the  North.  If  the  industrial¬ 
ized  nations  continue  to  increase  their  energy 
efficiency  and  reduce  reliance  on  hydro¬ 
carbons,  markets  dry  up  for  Mexico,  Ven¬ 
ezuela,  Ecuador,  Gabon,  Nigeria  and  In¬ 
donesia.  Carbon  is  also  by  far  the  largest 
export  of  the  U.S.S.R. 

Finally,  a  discussion  of  winners  and  losers 
is  incomplete  without  mention  of  the  direct 
beneficiaries  of  the  greenhouse  issue — name¬ 
ly,  those  employed  in  research  and  negotia¬ 
tion  about  it.  The  "greenhouse  industry"  will 
employ  at  least  several  thousand  scientists, 
lawyers,  diplomats  and  others. 

In  summary,  statements  that  there  are  no 
winners  or  are  only  losers  from  global 
warming  appear  biased,  unless  based  stnctlv 
on  an  apocalyptic  scenario.  It  seems  more 
accurate  to  emphasize  that  there  will  be  com¬ 
plex  distributive  issues  mvolved  in  climatic 
change,  with  continually  shifting  sets  of 


losers  and  beneficiaries,  both  from  the 
changes  in  the  climate  and  the  regulation  of 
economic  activities  that  may  be  causing  the 
climatic  changes. 


4.  Which  Impacts  Should  Worry  Us  Most? 
There  is  by  now  a  large  literature  on  the  im¬ 
pacts  of  climatic  change  on  agriculture.  The 
findings  in  the  literature  are  not  alarming  in 
large  part  because  farmers  are  not  dumb; 
they  are  accustomed  to  continually  adapting 
to  variations  in  markets  and  technology,  as 
well  as  in  environment  and  climate.  For  the 
most  part,  projected  impacts  of  climate 
change  on  agriculture  are  small  or  moderate 
in  comparison  with  impacts  associated  with 
fluctuations  in  government  subsidies,  inter¬ 
national  trade  and  other  economic  factors  or 
with  productivity  gains  that  come  with  tech¬ 
nological  progress.  Also,  for  a  lengthening 
list  of  nations,  agriculture  is  no  longer  the 
outdoor  activity  that  is  of  most  value.  In  na¬ 
tions  such  as  the  United  Kingdom  and  Ger¬ 
many,  agriculture  is  only  about  3  percent  of 
gross  national  product,  so  impacts  of  climate 
change  on  agriculture  pose  little  threat  to  na¬ 
tional  income.  Travel  and  recreation  may 
prove  to  be  sources  of  jobs  and  revenue  that 
are  more  vulnerable  to  climatic  change  than 
agriculture  in  several  regions. 


Hypothesis  4: 

The  most  important 
impacts  will  be  on 
agriculture  and  from 
sea  level  rise . 


Figure  4.  Significant  global  warming  has  been  experienced  during  short  periods 
since  1880.  The  record  of  annual  average  ( red)  and  five-year  average  {blue)  global 
temperatures  shows  that  the  earth's  average  temperature  jumped  0.6  degree  Celsius 
during  the  years  1918-1926,  and  0.5  degree  between  1976  and  1981— -faster  rates  than 
are  projected  under  current  scenarios  for  global  warming.  (After  Hansen  and 
Lebedeff  1988.) 


Hypothesis  5: 
Changes  in  extremes 
will  be  more 
important  than 
changes  in  means. 


The  consequences  of  sea-level  rise  are  on  a 
grand  scale  indeed,  if  one  uses  scenarios  in 
which  the  sea  level  rises  several  meters.  A 
quarter  of  Florida  might  be  flooded  if  the 
ocean  were  five  meters  higher.  The  probable 
sea-level  rise  over  the  next  100  years — the 
rise  that  would  be  associated  with  a  global 
temperature  increase  of  3  or  4  degrees  Cel¬ 
sius — is  about  70  centimeters.  Of  this  nse,  33 
centimeters  are  expected  by  2050.  Impacts 
from  such  rises  are  a  concern  to  be  ad¬ 
dressed,  but  hardly  merit  images  of  the 
Great  Flood.  The  impacts  of  sea-level  rise 
may  be  scarcely  apparent  at  all  for  the  next 
30  to  40  years.  The  fascination  with  sea-level 
rise  probably  originates  in  the  fact  that  it 
could  be  disastrous,  but  it  is  mistaken  to  con¬ 
flate  coastal  inundation  with  the  likely  im¬ 
pacts  during  the  next  generation  or  two. 

Agriculture  and  sea  level  have  captured 
much  of  the  popular  attention,  but  a  more 
serious  concern  may  be  water  resources.  A 


year 


Figure  5.  Levels  of  North  America's  great  inland  seas  have  exhibited  large  changes 
that  may  be  analogous  to  the  rises  in  sea  level  that  are  forecast  as  a  result  of  global 
warming.  The  Great  Salt  Lake  has  fluctuated  as  much  as  20  feet  over  the  course  of  a 
century,  and  the  levels  of  the  Great  Lakes  have  risen  more  than  3  feet  within  a 
decade.  The  shores  of  these  lakes  are  developed  for  a  range  of  uses  similar  to  those  of 
ocean  coastlines.  (Data  from  Amow  1985  and  Hitt  and  Miller  1986.) 


1989  comprehensive  study  of  climate  and 
water  in  the  United  States  by  the  Panel  on 
Climate  and  Water  of  the  American  Associa¬ 
tion  for  the  Advancement  of  Science  shows 
that  the  prospect  of  climatic  change  lights 
warning  lamps  of  vulnerability  m  several  re¬ 
gions.  Vulnerability  depends  on  the  ratio  of 
water  supply  to  demand,  and  climate  can  af¬ 
fect  both  quantities.  In  a  region  such  as  the 
Missouri  River  basin  or  California,  where  the 
balance  is  already  delicate,  even  small 
changes  could  bring  substantial  stress. 

Another  sector  that  looks  worrisome  is 
conservation  of  nature.  Although  agriculture 
and  economic  activity  may  shift  with  cli¬ 
mate,  our  natural  heritage — exemplified  by 
national  parks  such  as  the  Terai  in  India, 
Serengeti  in  East  Africa,  and  Yosemite  and 
the  Everglades  in  the  United  States — cannot. 
Changes  in  variables,  such  as  fire,  that  affect 
ecosystems,  and  changes  in  the  delicate  bal¬ 
ance  that  maintains  systems  such  as  wet¬ 
lands  could  have  regrettable  consequences. 

It  is  interesting  also  to  note  that  among 
the  highest  costs  of  cooling  found  in  the 
CLAP  study  (Figure  1)  were  losses  of  forest 
production  and  marine  resources.  Largest  of 
all  were  the  economic  costs  of  impacts  on 
health  and  of  wages.  The  high  estimates  of 
costs  of  health  impacts  from  cooling  arose 
from  findings  that  there  is  a  covariation  be¬ 
tween  several  climate  variables  and  expen¬ 
ditures  for  physicians'  services.  Mortality 
rates  also  were  related  to  various  measures 
of  climate.  The  central  hypothesis  in  the 
analysis  of  wage  effects  was  that  if  the  cost 
of  living  rises  as  one  moves  to  different  cli¬ 
matic  regimes — as  seems  the  usual  case 
with  a  move  to  a  cooler  climate — then  wage 
earners  will  have  to  be  paid  a  differential  to 
compensate  for  this  difference. 

In  summary,  the  conventional  wisdom 
seems  to  rely  on  preconceptions  about  which 
climatic  impacts  will  be  most  serious.  Many 
commentators  and  experts  on  global  warm¬ 
ing  evidently  ignore  or  disbelieve  the  results 
of  the  scholarly  literature.  The  global-warm¬ 
ing  issue  may  provide  cultural  anthropolo¬ 
gists  with  an  interesting  case  study  of  the 
ways  we  protect  paradigms  and  reject  infor¬ 
mation  that  does  not  fit.  There  is  definitely  a 
need  for  more  systematic,  thorough  studies 
worldwide  of  impacts,  together  with  adap¬ 
tation,  from  which  it  would  be  possible  to 
identify  the  greatest  vulnerabilities. 

5.  The  Importance  of  Extremes 
Statements  made  about  climatic  change  are 
often  based  on  the  notion  trfat  what  matters 
more  is  not  the  average  behavior  of  the  sys¬ 
tem,  but  its  behavior  at  its  limits,  which 
may  be  masked  in  consideration  of  aver¬ 
ages.  Important  changes  in  extremes,  it  is 
noted,  might  come  about  in  either  of  two 
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wavs.  A  shift  in  a  climate  mean  (for  in¬ 
stance,  in  the  regional  average  spring  tem¬ 
perature)  could  slide  the  complete  intact 
distribution  of  climate  events  in  such  as 
way  as  to  cross  more  frequently  thresholds 
that  are  noty  rarely  breached.  Alternatively, 
the  shape  of  the  distribution  of  events 
might  change  in  the  direction  of  increased 
vulnerability. 

So  far,  there  are  no  more  than  a  handful 
of  papers  in  the  scientific  literature  that  di¬ 
rectly  examine  changes  in  climatic  extremes 
and  their  Impacts.  Linda  Meams,  Richard 
Katz  and  Stephen  Schneider  in  1984  looked 
at  the  example  of  a  change  in  the  probabili¬ 
ty  of  extreme  heat  waves  (five  days  or  more 
in  a  row  with  a  maximum  temperature 
above  a  95-  or  100-degree  Fahrenheit 
threshold).  They  examined  what  might 
happen  in  three  U.S.  locations  if  the  mean 
temperature  were  to  increase  by  3  degrees 
Fahrenheit,  while  there  were  no  changes  in 
the  standard  deviation  of  daily  maximum 
temperatures  nor  in  the  autocorrelation  of 
daily  temperature  variations.  The  results 
are  worrisome;  the  odds  of  extreme  heat 
waves  would  double  or  triple  in  each  city 
(Figure  3).  It  would  be  useful  to  carry  out 
more  exercises  of  this  type,  emphasizing 
thresholds  that  climatic  variations  may 
cross.  In  addition  to  heat-stress  levels  for 
crops,  an  obvious  example  of  such  a  thresh¬ 
old  is  the  melting  of  permafrost.  It  would 
also  be  useful  to  study  whether  there  might 
be  states  of  the  climate  system  that  would 
be  characterized  by  more  frequent  and  se¬ 
vere  storms. 

Will  temperatures  and  precipitation  be¬ 
come  more  variable  with  global  warming? 
To  the  extent  that  there  are  research  results 
touching  on  this  question,  they  do  not  indi¬ 
cate  an  increase  in  variability.  In  fact,  allow¬ 
ing  for  considerable  noise  in  the  results,  they 
imply  qualitatively  that  standard  deviations 
of  surface  temperatures  are  more  likely  to 
decrease  than  to  increase  as  a  result  of  green¬ 
house  warming.  Precipitation  variability,  on 
the  other  hand,  usually  increases  as  climate 
warms.  Of  course,  if  the  climate  becomes  dri¬ 
er  on  average,  the  chances  of  extremely  dry 
weather  are  likely  to  increase,  unless  the 
rules  of  the  system  change. 

In  summary,  we  need  to  identify  impor¬ 
tant  thresholds  and  discontinuities,  to  study 
the  likelihood  that  the  altered  natural  sys¬ 
tem  will  reach  these  points,  and  to  do  more 
work  about  what  consequences  might,  in 
fact,  ensue.  An  "extreme,"  by  itself,  has  lit¬ 
tle  meaning.  If  summer  temperatures  in 
Siberia  regularly  breach  80  degrees  Fahren¬ 
heit  rather  than  70  degrees,  are  there  rea¬ 
sons  to  be  concerned?  Would,  for  example, 
large  releases  of  biogenic  gases  be  triggered 
from  the  soils? 
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Figure  6.  Climates  once  thought  hostile  have  become  popular  human  habitats  with 
the  aid  of  modem  adaptations.  In  1860  (light  gray  bars),  less  than  1  percent  of  the  U.S. 
population  lived  in  semiarid,  desert  or  mountain  regions.  This  figure  rose  to  6 
percent  in  1920  (medium  gray  bars).  By  1980  (dark  gray  bars)  the  population  in  these 
climate  zones  had  passed  35  million,  or  15  percent  of  the  total  population.  Large 
numbers  of  people  now  live  in  every  type  of  climate.  (Schelling  1983.) 
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Hypothesis  6: 
The  changes 
envisioned  are 
unprecedented. 


Hypothesis  7: 
Impacts  will  be 
worse  on  less- 
developed  countries 
than  on  developed 
countries. 


6.  Will  the  Changes  Be  Unprecedented? 

If  one  says  that  global  warming  will  bring 
about  unprecedented  changes,  one  is  saying 
that  things  are  about  to  happen  that  have 
never  happened  before.  Yet  the  climatic 
record  includes  evidence  of  numerous 
changes  in  the  past  that  are  comparable  or 
analogous  to  current  projections  of  global 
warming  over  the  next  century.  For  exam¬ 
ple,  in  the  period  1952-1961  the  summer  cli¬ 
mate  of  the  northern  and  central  Great  Plains 
and  Rockies  in  the  United  States  was  0.9  to 
1.5  degrees  Celsius  warmer  and  had  25  to 
100  millimeters  less  rainfall  on  average  than 
during  the  decade  1942-1951.  In  fact,  the  na¬ 
ture  of  climate  variability  is  such  that 
decadal  fluctuations  in  average  temperature 
(up  to  1  degree  Celsius  annually  or  2  degrees 
from  one  season  to  the  same  season  the  fol¬ 
lowing  year)  and  precipitation  (approxi¬ 
mately  10  percent  annually)  have  occurred 
in  most  areas  of  the  United  States  during  the 
last  60  years.  Raymond  Bradley  and  his  col¬ 
leagues  noted  in  Science  in  1987  that  analysis 
of  precipitation  data  on  a  hemispheric  basis 
has  revealed  important  changes  in  climate 
that,  apart  from  the  well-known  declines  in 
North  African  rainfall,  have  gone  generally 
unnoticed  over  the  past  decades. 

There  have  been  periods  of  rapid  global 
as  well  as  regional  shifts.  Although  the  over¬ 
all  record  of  the  past  100  years  appears  to 
show  a  wanning  of  only  about  0.5  degree 
Celsius,  during  tire  eight  years  around  1920 
the  average  temperature  of  the  earth  jumped 
0.6  degree  Celsius,  and  between  1976  and 
1981  it  jumped  0.5  degree  ( Figure  4).  Thus, 
even  the  "upper"  scenario  of  a  warming  rate 
of  0.8  degree  Celsius  per  decade  used  in  cur¬ 
rent  studies  would  not  appear  to  be  far  from 
the  range  of  recent  experience,  at  least  over 
the  short  term.  Note  that  no  global  climatic 
catastrophe  was  experienced  either  in  the 
early  1920s  or  the  late  1970s. 

There  are  other  ways  in  which  analogies 
might  be  drawn.  For  example,  there  have 
bear  large  changes  in  the  levels  of  the  Great 
Lakes  and  Great  Salt  Lake  ( Figure  5).  The  rises 
and  falls  of  these  inland  seas — with  shores  de¬ 
veloped  for  a  range  of  uses,  from  airports  to 
recreation,  not  different  from  ocean  coast¬ 
lines — have  been  as  much  as  5  feet  for  the 
Great  Lakes  and  20  feet  for  Great  Salt  Lake. 
These  changes  far  exceed  those  forecast  for 
the  next  century  in  association  with  global 
warming.  There  have  also  been  cases  of  sub¬ 
sidence  of  coastal  land,  caused  by  pumping 
out  of  oil  and  gas  resources  in  Louisiana  and 
other  regions,  that  are  analogous  with  sea-lev¬ 
el  rise.  Sea-level  rises  of  20  centimeters  have 
been  sustained  over  several  months  during 
an  El  Nino.  The  microclimates  of  cities  have 
also  warmed  considerably.  A  recent  compari¬ 
son  of  summertime  temperatures  in  Atlanta 


and  a  nearby  rural  weather  station  suggests 
that  Atlanta's  temperature  increased  between 
1974  and  1988  by  about  2  degrees  Celsius  as  a 
result  of  urbanization  and  the  concomitant  in¬ 
tensification  of  the  urban  heat  island. 

As  Thomas  Schelling  pomted  out  in  a  1983 
National  Research  Council  report  on  chang¬ 
ing  climate,  human  movement  also  creates 
an  equivalent  of  climatic  change.  If  an  indi¬ 
vidual  boards  an  airplane  in  New  York  and 
disembarks  in  Los  Angeles,  he  or  she  has  un¬ 
dergone  a  climatic  change  much  greater  than 
that  forecast  as  a  result  of  global  warming. 
Moreover,  large  numbers  of  people  are  now 
living  in  every  type  of  climate,  including 
those  that  were  considered  extremely  inhos¬ 
pitable  a  century  ago — especially  the  hotter 
and  drier  climates  that  are  usually  associated 
with  anxiety  about  the  greenhouse  effect 
(Figure  6).  It  is  hard  to  imagine  what  would 
be  unprecedented  unless  some  entirely  new 
kind  of  climate  were  created,  rather  than  a 
redistribution  of  climates  of  the  existing 
types.  Many  plants  and  animals — tomatoes, 
com  and  horses,  for  example — also  have  ex¬ 
perienced  a  range  of  climates  during  the  pro¬ 
cess  of  spatial  diffusion. 

In  summary,  the  changes  expected  do  not 
appear  to  be  unprecedented  from  the  point  of 
view  of  human  experience  or  the  experience 
of  many  other  biota.  They  are  not  unprece¬ 
dented  for  climate  itself  over  long  (geologic) 
time  scales.  They  are  not  unprecedented  on 
more  limited  time  scales  of  a  decade,  or  on 
regional  spatial  scales.  They  are  much  less 
than  the  changes  that  occur  between  seasons, 
or  between  day  and  night,  or  between  one 
year  and  the  next  because  of  natural  climate 
vanability.  The  key  question  is:  How  will  the 
projected  climatic  change  differ  from  all  the 
climate  variations  to  which  people,  the  econ¬ 
omy,  and  ecosystems  are  accustomed? 

7.  Will  Less-Developed  Nations  Suffer  More? 
The  notion  that  the  impacts  of  global  warm¬ 
ing  will  be  worse  on  less-developed  coun¬ 
tries,  or  LDCs,  is  based  on  the  fact  that  these 
countries  are  more  reliant  for  their  well-be¬ 
ing  on  production  in  primary  sectors,  espe¬ 
cially  agriculture,  that  are  vulnerable  to 
changes  in  weather  and  climate.  Even  if,  as 
suggested  above,  agricultural  impacts  of 
warming  will  not  necessarily  be  severe, 
there  is  evidence  from  geographical  re¬ 
search  that  the  costs  of  natural  hazards  are 
much  greater  in  relation  to  national  income 
in  LDCs  (Figure  7).  The  percent  loss  of  gross 
national  product  appears  to  be  about  20 
times  greater  in  LDCs.  Moreover,  it  is  gen¬ 
erally  observed  that  the  poot  suffer  more  in 
plagues  and  that,  as  Aaron  Wildavsky  once 
put  it,  "richer  is  safer." 

On  the  other  hand,  LDCs  may  have  flexi¬ 
bility.  N.  S.  Jodha  and  Adolfo  Mascarenhas 
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in  1985  described  the  impressive  array  of 
short-term  adjustments  and  long-term  adap¬ 
tations  that  are  available  in  self-provisioning 
societies  in  India  and  East  Africa.  There  may 
be  less  sunk  cost  in  infrastructure  in  LDCs. 
Having  the»benefit  of  a  better  forecast  of  the 
future,  they  may  be  able  to  "get  it  right." 
Several  LDCs  have  particularly  harsh  pre¬ 
sent  climates  and  may  be  open  to  the 
prospect  of  new  climatic  regimes.  Most  are 
also  in  tropical  regions,  where  shifts  in  cli¬ 
mate  are  predicted  to  be  smaller. 

All  the  same,  what  research  has  been  per¬ 
formed  tends  to  confirm  the  view  that  LDCs 
are  qualitatively  and  quantitatively  more 
vulnerable.  For  example,  a  frost  in  Brazil's 
major  coffee  region  in  1975  left  some  600,000 
people  jobless.  It  is  difficult  to  envision  an 
equivalent  impact  in  a  developed  nation. 
Similarly,  more  than  125,000  people  are  esti¬ 
mated  to  have  lost  their  lives  in  the  recent 
cyclone  that  struck  Bangladesh,  whereas 
only  20  deaths  were  attributed  to  Hurricane 
Hugo  in  the  U.S.  The  problems  of  reduced 
income  from  carbon  exports  and  possibly 
from  higher  short-run  costs  to  implement  en¬ 
vironmentally  sustainable  development  poli¬ 
cies  may  loom  as  large  or  even  much  larger 
than  increased  costs  from  climatic  hazards. 
Overall,  the  view  that  LDCs  are  more  vul¬ 
nerable  is  persuasive.  It  needs  to  be  strength¬ 
ened  through  additional  research.  The  possi¬ 
bility  exists  that  LDCs  will  suffer  doubly, 
from  both  climatic  impacts  and  emission- 
control  strategies. 

8.  Are  There  Economical  Hedging  Strategies? 
Many  studies  of  impacts  culminate  in  a  list 
of  adaptive  strategies  that  should  be  pur¬ 
sued.  These  typically  recommend  augment¬ 
ed  efforts  to  increase  efficiency  in  energy  use; 
better  management  of  water  demand;  pro¬ 
motion  of  research  to  develop  drought-resis¬ 
tant  strains  of  agricultural  crops;  and  more 
prudent  development  of  coastal  zones. 

The  question  that  must  be  asked  here  is: 
Why  are  actions  that  are  supposed  to  be 
prudent  anyway,  even  without  the  added 
impetus  of  global  warming,  in  fact  being 
pursued  in  such  a  limited  way?  Part  of  the 
answer  would  seem  to  rest  with  the  realitv 
that  prudence  and  efficiency  are  only  par¬ 
tial  goals  of  our  overall  systems.  Considera¬ 
tions  including  timing,  quality,  economic 
cost  and  alternative  uses  of  financial  re¬ 
sources  must  be  taken  into  account.  Neither 
an  individual,  nor  the  society  as  a  whole,  in¬ 
vests  more  than  a  few  percent  of  its  income 
io  hedging  or  insurance.  Another  part  of  the 
answer  probablv  lies  in  the  fact  that  there 
are  barriers,  in  information  and  process,  to 
adding  up  many  partial  justifications  to  con¬ 
stitute  a  full  one. 

The  burden  would  seem  to  remain  with 


those  proposing  the  hedging  and  "tie-in" 
strategies  to  show  the  economics  in  detail. 
Based  on  the  ideas  here,  it  might  be  logical  to 
begin  by  exploring  such  strategies  in  relation 
to  water  resources  and  ecosystem  manage¬ 
ment.  With  regard  to  water,  the  focus  would 
be  on  decreasing  existing  vulnerabilities  that 
climatic  change  will  make  more  severe.  In 
some  places  the  vulnerabilities  could  be  de¬ 
creased  by  better  arrangements  for  transfer¬ 
ring  water  to  new  uses,  in  others  by  building 
new  structures,  and  in  others  by  increasing 
the  benefit  of  each  gallon. 

Preservation  of  natural  ecosystems  would 
involve  a  blend  of  ex  situ  and  in  situ  meth¬ 
ods.  The  former  include  botanical  gardens, 
arbore turns,  nurseries,  zoos,  farms,  aquari¬ 
ums,  seed  banks,  microbial  and  tissue  cul¬ 
tures,  and  gene  libraries.  In  situ  methods  in¬ 
clude  preserving  samples  of  representative 
ecosystems  and  habitat  types  and  establish¬ 
ing  corridors  along  which  species  can  move 
to  change  their  ranges  in  response  to  climat¬ 
ic  change.  Tools  for  calculation  of  risks,  costs 


Hypothesis  8: 
There  are  hedging 
strategies  that  are 
clearly  economical. 
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Figure  7.  Natural  hazards  have  a  much  greater  impact  on  the  national  income  of  less- 
developed  countries  (LDCs)  than  on  the  economies  of  industrialized  nations.  On  a 
per  capita  basis,  the  industrialized  nations  experience  relatively  high  annual  costs 
from  natural  hazards;  however,  in  the  LDCs  hazard  costs  represent  a  much  larger 
portion  of  gross  national  product.  Hazard  costs  are  calculated  by  combining  direct 
damage  losses  and  the  costs  of  adjustment.  (After  Burton,  Kates  and  White  1978.) 
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and  benefits  should  be  applied  in  such  areas 
to  demonstrate  the  value  of  investments  and 
how  the  timing  and  certainty  of  climatic 
change  affect  them. 

Conclusions 

Much  of  the  conventional  wisdom  about  im¬ 
pacts  of  global  warming  would  appear  as  yet 
to  have  little  support  from  research.  The 
statements  that  embody  this  view  need  to  be 
treated  as  hypotheses  for  testing.  In  ever}' 
case,  it  would  seem  straightforward  to  de¬ 
sign  a  research  effort  that  could  support  or 
clarify  the  hypothesis  in  question.  For  the 
present,  the  hypotheses  might  be  labeled 
myths,  because  to  a  considerable  extent  they 
are  uncritically  held  views.  Like  more  tradi¬ 
tional  myths,  some  will  turn  out  to  be  pro¬ 
foundly  true,  and  others  will  turn  out  to  be  in 
defiance  of  facts.  In  either  case,  they  should 
be  rigorously  tested  and  examined.  In  the 
meanwhile,  individuals,  enterprises  and  gov¬ 
ernments  should  think  carefully  in  acting  on 
the  basis  of  much  of  what  is  being  said. 

I  would  offer  the  following  revised  state¬ 
ments  about  climatic  impacts,  in  the  hope 
that  they  will  inform  the  decision-making 
process: 

1.  It  is  very  important  whether  the  climat¬ 
ic  change  is  expected. 

2.  It  is  very  important  how  fast  we  can  ac¬ 
quire  better  information. 

3.  There  is  likely  to  be  a  complex  and  shift¬ 
ing  set  of  winners  and  losers. 

4.  There  should  be  an  increased  focus  on 
water  resources  and  ecosystem  preservation. 

5.  It  is  important  to  identify  thresholds 
and  discontinuities  that  may  matter  for  im¬ 
pacts. 

6.  It  is  important  to  clarify  how  green¬ 
house-induced  climatic  change  will  differ 
from  all  the  climatic  variations  that  already 
occur. 

7.  There  may  be  a  double  vulnerability  of 
LDCs,  both  from  climatic  hazards  and  from 
strategies  to  limit  emissions  that  may  cause 
those  hazards. 

8.  The  economics  of  hedging  strategies 
need  to  be  demonstrated. 

It  will  be  helpful  to  have  a  more  dynamic 
and  variegated  image  of  the  greenhouse  ef¬ 
fect  that  takes  greater  account  of  the  human 
capacity  for  social  learning  and  adaptation. 
The  prevailing  image  may  influence  impor¬ 
tantly  the  identification  of  policies  and  impel 
us  to  place,  and  perhaps  to  misplace,  some 
quite  large  investments. 

Bibliography 

Amow,  T.  1985.  Rise  of  Great  Salt  Lake,  Utah.  In  Nation¬ 
al  Water  Summary  1984 — Hydrologic  Events,  Selected 

Water-Quality  Trends,  and  Ground-Water  Resources, 

Water  Supply  Paper  2275,  31-33.  Reston,  VA:  US. 

Geological  Survey. 


d'Arge,  R.  C.  1979.  Climate  and  economic  activity.  In 
Proceedings  of  the  World  Climate  Conference.  Geneva: 
World  Meteorological  Organization 

Ausubel,  J.  H.  1991.  The  role  of  technology  in  adaptation 
to  climate.  Nature,  350:649-652. 

Bradley,  R.  S.,  H.  Diaz,  J.  K_  Eischeid,  P.  D.  Jones,  P.  M. 
Kelley  and  C.  M.  Good  ess.  1987.  Precipitation  fluctu¬ 
ations  over  northern  hemisphere  land  areas  since  the 
mid-  19th  century.  Science  237:171-175. 

Broadus,  J.  1990.  Possible  impacts  of  and  ad|ustments  to 
sea  level  nse:  The  cases  of  Bangladesh  and  Egypt 
Woods  Hole  Oceanographic  Contribution  No.  7147. 
Woods  Hole,  Mass.:  Woods  Hole  Oceanographic  In¬ 
stitution. 

Broecker,  W.  S.  1987.  Unpleasant  surprises  in  the  green¬ 
house?  Nature  328: 123-126. 

Burton,  L,  R.  W.  Kates  and  G.  F.  White.  1978.  The  Envi¬ 
ronment  as  Hazard.  New  York:  Oxford  University 
Press. 

Cardelino,  C.  A.,  and  W.  L.  Chameides.  1990.  Natural 
hydrocarbons,  urbanization  and  urban  ozone,  journal 
of  Geophysical  Research  95:13,971-13, 979. 

GAP.  1975.  Economic  and  Socml  Measures  of  Biologic  and 
Climatic  Change.  Climate  Impact  Assessment  Pro¬ 
gram  Monograph  6.  DOT-TST-75-56.  Washington, 
DC:  US.  Department  of  Transportation. 

Easterling,  W.  E.,  E3,  M.  L.  Parry'  and  Pierre  Crosson. 
1989.  Adapting  future  agriculture  to  changes  in  cli¬ 
mate.  In  Greenhouse  Warmmg:  Abatement  and  Adapta¬ 
tion,  ed.  N.  J.  Rosenberg,  W.  E.  Easterling,  IE,  P.  R. 
Crosson  and  J.  Darmstadter,  91-104.  Washington, 
DC-  Resources  for  the  Future. 

Glantz,  M.  PL,  ed.  1988.  Societal  Responses  to  Regional  Cli¬ 
matic  Change:  Forecasting  by  Analogy.  Boulder,  CO: 
Westview. 

Hartsen,  J.  E,  and  S.  Lebedeff.  1988.  Global  surface  air 
temperatures:  Update  through  1987.  Geophysical  Re¬ 
search  Letters  15323-326. 

Heath  cote,  R.  L  1985.  Extreme  event  analysis.  In  Cli¬ 
mate  Impact  Assessment,  ed.  R.  W.  Kates,  J.  H.  Ausubel 
and  M.  Berberian,  369-401.  SCOPE  27.  Chichester 
Wiley. 

Hitt,  K.  J.,  and  J.  B.  Miller.  1986.  Great  Lakes  set  record 
high  water  levels.  In  National  Water  Summary  1985 — 
Hydrologic  Events  and  Surface-ioater  Resources,  35-40. 
Water  Supply  Paper  2300.  Reston,  VA:  U.  S.  Geologi¬ 
cal  Survey'. 

Intergovernmental  Panel  on  Climate  Change.  1990.  Po¬ 
tential  Impacts  of  Climate  Change.  Report  from  Work¬ 
ing  Group  II  to  EPCC.  Geneva:  World  Meteorological 
Organization. 

Jaeger,  J.  W.  1988.  Developing  Policies  for  Responding  to 
Climatic  Change.  A  summary  of  discussions  and  rec¬ 
ommendations  of  the  workshops  held  in  Villach 
(1987)  and  Bellagio  (1987)  under  the  auspices  of  the 
Beijer  Institute,  Stockholm,  Sweden.  WMO/TD  No. 
225.  Geneva:  World  Meteorological  Organization. 

Jodha,  N.  S.,  and  A.  C.  Mascarenhas.  1985.  Adjustment 
in  self-provisioning  societies.  In  Climate  Impact  As¬ 
sessment,  ed.  R.  W.  Kates,  J.  H.  Ausubel  and  M.  Bertie- 
nan,  437-464.  SCOPE  27.  Chichester  Wiley. 

Karl,  T.  R_,  and  W.  E.  Reibsame.  1984.  The  identification 
of  10-  to  20-year  climate  fluctuations  in  the  contigu¬ 
ous  United  States,  journal  of  donate  and  Applied  Me¬ 
teorology  23:950-966. 

Kettunen,  L,  J.  Mukuia,  V.  Pohjonen,  O.  Rantenen  and 
U.  Vaijo.  1988.  The  effects  of  elunabe  variations  on 
agriculture  in  Finland.  In  The  Impact  of  Qimatic  Varia¬ 
tions  on  Agriculture,  ed.  M.  L  Parry',  T.  R.  Carter  and 
N.  T.  Konijn,  vol.  1,  Assessment  in  Cool  Temperate 
and  Cold  Regions,  513-614.  Etordrecht  Kluwer. 

Lashof,  D.  A.,  and  D.  A.  Tirpak,  eds.  1989.  Policy  Options 
for  Stabilizmg  Global  Qimate.  Draft  report  to  Congress. 


220 


American  Scientist,  Volume  79 


Office  of  Policy,  Planning  and  Evaluation,  Environ¬ 
mental  Protection  Agency.  Washington,  DC  U.  S.  En¬ 
vironmental  Protection  Agency. 

MacDonald,  G.  J.  1990.  Role  of  methane  ciathrates  in 
past  and  future  climates.  Climatic  Giange  16:247-282. 

Mareolis,  M.  1080.  Natural  disaster  and  socioeconomic 
cMatge:  Post-frost  adjustments  in  Parana,  Brazil.  Dts- 
Osfe4:231-235. 

V. earns,  L  O.,  R.  W.  Katz  and  S.  R  Schneider.  1984. 
Changes  in  the  probabilities  of  extreme  high  temper¬ 
ature  events  with  changes  in  global  mean  tempera¬ 
ture.  Journal  of  Climate  and  Applied  Meteorology 
£3:1601-1613. 

Momsette,  P.  M.  1988.  The  rising  levels  of  the  Great  Salt 
Lake:  An  analogue  of  societal  adjustment  to  climate 
change.  In  Societal  Responses  to  Regional  Climatic 
Change:  Forecasting  by  Analogy,  ed.  M.  H.  Glantz, 
169-195.  Boulder,  CO:  Westview. 

fot-ional  Academy  of  Sciences.  1991.  Policy  Implications 
of  Greenhouse  Warming.  Synthesis  Panel,  Committee 
on  Science,  Engineering,  and  Public  Policy.  Washing¬ 
ton,  DC:  National  Academy  Press. 

National  Academy  of  Sciences.  1991.  Policy  Implications 
of  Greenhouse  Warming:  Report  of  the  Adaptation  Panel 
Committee  on  Science,  Engineering,  and  Public  Pol¬ 
icy.  Washington,  DC:  National  Academy  Press. 

National  Research  CounciL  1983.  Changing  Climate. 
Washington,  DC:  National  Academy  Press. 

National  Research  CounciL  1987.  Responding  to  Changes 
in  Sea  Level  Rise:  Engineering  Implications.  Washing- 
"ton,  CXI:  National  Academy  Press. 

Overpeck,  J.  T.,  D.  Rind  and  R.  Goldberg.  1990.  Climate- 
induced  changes  in  forest  disturbance  and  vegeta¬ 
tion.  Nature  343:51-53. 

Palutikof,  J.  1983.  The  impact  of  weather  and  climate 
on  industrial  production  in  Great  Britain.  Journal  of 


Climatology  3:65-79. 

Peters,  R.  L,  and  J.  D.  S.  Darling.  1985.  The  greenhouse 
effect  and  nature  reserves.  Biosaence  11:707-717. 

Rind,  D.,  R.  Goldberg  and  R.  Ruedy.  1989.  Change  in  cli¬ 
mate  variability  in  the  21st  century.  Climatic  Change. 
143-37. 

Roeckner,  E,  U.  Schlese.  J.  Biercamp  and  P.  Loewe.  1987. 
Cloud  optical  depth  feedbacks  and  climate  model¬ 
ing.  Nature  329:138-140. 

Schelling,  T.  C  1983.  Climatic  change:  Implications  for 
welfare  and  policy.  In  Changmg  Gimate,  National  Re¬ 
search  Council,  449-482.  Washington,  DC:  National 
Academy  Press. 

Schneider,  S.  R  1989.  Global  Warmmg:  Are  We  Entermg 
the  Greenhouse  Century ?  San  Frandsco:  Sierra  dub. 

Strain,  B.  R.,  and  J.  D.  Cure.  1985.  Direct  Effects  of  Increas¬ 
ing  Carbon  Dioxide  on  Vegetation.  DOE/ER-0238. 
Washington,  DC:  U.  S.  Department  of  Energy. 

Vellinga,  P.,  and  S.  P.  Leatherman.  1989.  Sea  levei  rise, 
consequences  and  policies.  Climatic  Change 
15:175-190. 

Waggoner,  P.  E,  ed.  1989a  Climatic  Change  and  U.S.  Wa¬ 
ter  Resources.  Report  of  AAAS  Panel  on  Climate  and 
Water.  New  York:  Wiley. 

Waggoner,  P.  E  1989b.  Anticipating  the  frequency  dis¬ 
tribution  of  precipitation  if  climate  change  alters  its 
mean.  Agricultural  and  Forest  Meteorology  47321-337. 

Wildavsky,  A.  1980.  Richer  is  safer.  The  Public  Interest. 
Autumn. 

Yoshino,  M.  M.,  T.  Horie,  R  Seino,  R  Tsuji,  T.  Uchiji- 
ma  and  Z.  Uchijima.  1988.  The  effects  of  climatic 
variations  on  agriculture  in  Japan.  In  The  Impact  of 
Climatic  Variations  on  Agriculture,  ed.  M.  L  Parry,  T. 
R.  Carter  and  N.  T.  Konijn,  vol.  1,  Assessment  in 
Cool  Temperate  and  Cold  Regions,  725-868.  Dor¬ 
drecht  Kluwer. 


aQC98 1 
<  .8 
. C5G56 
1992 

Apocalypse  sells  well  in  the  media  and  even  better  on  Capitol 
Hill.  And  that  is  why  fears  of  the  greenhouse  effect  threaten 
to  push  the  U.S.  into  a  costly  environmental  mistake. 
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By  Warren  T.  Brookes 

On  Nov.  7  the  U  S.  and  Japan 
shocked  environmentalists 
around  the  world  by  refusing  to 
sign  a  draft  resolution  at  a  Nether¬ 
lands  international  conference  on 
global  climate  change  calling  for  the 
“stabilization"  of  emissions  of  carbon 
dioxide  (co2)  and  other  “greenhouse 
gases"  by  the  year  2000.  Instead,  they 
made  the  conference  drop  all  refer¬ 
ence  to  a  specific  year,  and  to  a  specif¬ 
ic  co2  reduction  target.  The  Bush  Ad 
ministration  view  was  set  forth  by  D 
Allan  Bromley,  the  presidential  sci¬ 
ence  adviser,  in  testimony  to  Senator 
Albert  Gore's  subcommittee  on  Sci¬ 
ence,  Technology  &  Space.  "My  belief 
is  that  we  should  not  move  forward 
on  major  programs  until  we  have  a 
reasonable  understanding  of  the  sci¬ 
entific  and  economic  consequences  of 
those  programs." 

President  Bush  was  immediately 


savaged  by  environmentalists,  and  by 
politicians  like  Senator  Gore 
(D-Tenn.)  The  Bush  viewpoint  does 
not  sit  too  well  with  most  of  the  me¬ 
dia,  either.  Last  January  Time  pub¬ 
lished  a  cover  story  on  environmental 
catastrophes,  declaring  that  green¬ 
house  gases  could  create  a  climatic 
calamity.  The  New  York  Times  weighed 
m  a  month  ago  with  a  story  about 
how  melting  polar  ice  would  flood  the 
nations  that  can  least  afford  to  defend 
themselves,  Third  World  countries 
like  Bangladesh  and  India.  Or  perhaps 
you  have  seen  the  ads  for  Stephen 
Scnneider's  Global  Warming,  accompa¬ 
nied  by  a  blurb  from  Senator  Tim 
Wirth  (D-Colo.).  In  his  book  this 
well-known  climatologist  paints  a  fu¬ 
ture  of  seas  surging  across  the  land, 
famine  on  an  epidemic  scale  and  eco¬ 
system  collapse. 

Is  the  tarth  really  on  the  verge  of 
environmental  collapse?  Should 
wrenching  changes  be  made  in  the 
world's  industry  to  contain  co2  build¬ 
up?  Or  could  we  be  witnessing  the 
1990s  version  of  earlier  scares:  nucle¬ 
ar  winter,  cancer-causing  cranberries 
and  $100  oil?  The  calamitarians  al¬ 
ways  have  something  to  worry  us 
about.  Gonsider  this:  In  his  1976 
book,  The  Genesis  Strategy,  Schneider 
lent  support  to  the  then  popular  view 
that  we  could  be  in  for  another  ice 
age,  "perhaps  one  akin  to  the  Little 
Ice  Age  of  1500-1850.  Climatic  vari¬ 
ability,  which  is  the  bane  of  reliable 
food  production,  can  be  expected  to 
increase  along  with  the  cooling." 

At  the  very  moment  Bromley  was 
testifying  to  Gore's  subcommittee, 
mu's  prestigious  Technology  Review 
was  reporting  on  the  publication  of  an 
exhaustive  new  study  of  worldwide 
ocean  temperatures  since  1850  by  mit 
climatologists  Reginald  Newell,  Jane 
Hsiung  and  Wu  Zhongxiang.  Its  most 
striking  conclusion:  "There,  appears 
to  have  been  little  or  no  global  warm¬ 
ing  over  the  past  century."  In  fact,  the 
average  ocean  temperature  in  the  tor¬ 
rid  I9»0s  was  only  an  eighth  of  a 
centigrade  degree  fa  quarter  of  a  Fahr¬ 
enheit  degree)  higher  than  the  average 
of  the  1860s.  Ocean  temperature  is 
now  virtually  the  same  as  it  was  in 
the  1940s.  Since  two- thirds  of  the 
buildup  of  co2  has  taken  place  since 
W40  the  mit  data  blow  all  of  the 
global  warming  forecasts  into  a 
cocked  hat.  President  Bush  wisely 
told  reporters:  "You  can't  take  a  poli¬ 
cy  and  drive  it  to  the  extreme  and  say 
to  every  country  around  the  world, 
'You  aren't  going  to  grow  at  all.'  " 

That  is  the  central  issue  of  the  glob¬ 


al  warming  debate,  and  it  explains 
why  the  U.S.  and  Japanese  position 
was  supported  by  some  30  other  de¬ 
veloping  nations  which  see  that  just 
as  Marxism  is  giving  way  to  markets, 
the  political  "greens"  seem  deter¬ 
mined  to  put  the  world  economy  back 
into  the  red,  using  the  greenhouse  ef¬ 
fect  to  stop  unfettered  market-based 
economic  expansion. 

In  simplest  terms,  the  eartn's  atmo¬ 
sphere  does  operate  as  a  greenhouse. 
In  addition  to  oxygen,  nitrogen  and 
water  vapor,  the  atmosphere  contains 
several  gases  that  trap  radiated  heat, 
including  methane  and  co2.  Carbon 
dioxide  is  essential  not  only  to 
warmth  but  to  vegetation.  It  is  also 
essential  to  life  in  another  way.  With¬ 
out  its  heat-containing  effect  the 
planet  would  freeze,  like  the  atmo¬ 
spherically  naked  moon. 

Throughout  most  of  human  history 
that  atmospheric  blanket  has  held 
global  temperatures  at  an  average  of 
about  60  degrees  F.,  plus  or  minus  5 
degrees  F.  During  most  of  human  his¬ 
tory,  the  co2  concentration  in  that 
blanket  has,  until  this  century,  hov¬ 
ered  around  270  parts  per  million,  al¬ 
though  in  earlier  geologic  epochs  it 
reached  as  high  as  20,000. 

Over  the  last  100  years  the  co2  con¬ 
centration  has  risen  from  270  to  to¬ 
day's  level  of  350.  The  culprit:  man. 
Most  of  the  greenhouse  gas  increase  is 
the  result  of  fossil  fuel  consumption. 
Add  to  that  the  rise  in  other  man¬ 
generated  trace  gases — methane,  ni¬ 
trogen  oxides  and  chlorofluorocar- 
bons — and  total  greenhouse  gases  are 
now  at  410  ppm.  In  other  words,  be¬ 
cause  of  the  combined  effect  of  these 
gases,  we  have  already  gone  over  half¬ 
way  to  a  doubling  of  co2.  Even  so, 
there  has  been  less  than  half  a  degree 
of  warming  in  the  last  100  years. 

What  do  the  environmental  pessi¬ 
mists  make  of  all  this?  The  earliest 
versions  of  their  computer  "general 
circulation  models"  predicted  that 
the  earth  would  warm  up  by  any¬ 
where  from  3  to  5  degrees  centigrade, 
or  5  to  9  degrees  Fahrenheit,  by  the 
year  2050.  The  most  extreme  scenari¬ 
os  warn  of  coastal  flooding  (from 
melting  ice  caps)  and  rising  inland 
droughts.  FFowever,  as  the  level  of  so¬ 
phistication  of  the  models  has  risen, 
these  forecast  effects  have  been 
steadily  reduced  to  a  new  range  of  1.5 
to  2.5  degrees  centigrade. 

One  major  exception  to  this  declin¬ 
ing  rate  of  doom  is  the  model  run  by 
James  FFansen  of  the  National  Aero¬ 
nautics  &.  Space  Administration,  who 
shocked  a  congressional  hearing  in 
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June  1988  during  the  middle  of  a 
scorching  near-nationwide  drought, 
by  saying  he  was  "99%  confident"  the 
greenhouse  effect  is  now  here. 

Even  though  the  vast  majority  of 
the  climatological  community  was 
outraged  by  Hansen's  unproven  asser¬ 
tions,  environmental  advocate  Ste¬ 
phen  Schneider  notes  in  Global  Warm¬ 
ing,  "Journalists  loved  it.  Envirbn- 
mentalists  were  ecstatic.  Jim 
appeared  on  a  dozen  or  more  national 
television  news  programs.  ..." 

By  the  end  of  1988,  with  Hansen 
and  Schneider's  enthusiastic  support, 
global  warming  was  deeply  embedded 
in  the  public  consciousness.  Now 
over  60%  of  the  public  is  convinced  it 
will  worsen,  even  as  the  evidence  of 
that  alleged  trend  is  under  increasing¬ 
ly  sharp  and  solid  scientific  attack. 

On  the  contrary,  that  attack  has 
been  used  as  a  premise  for  even  more 
immediate  action.  As  one  tv  anchor¬ 
man  argued,  "Even  if  we  aren't  sure 


it's  true,  shouldn't  we  take  precau¬ 
tions  and  act  now  as  if  it  were?" 

Unfortunately,  "taking  such  pre¬ 
cautions"  could  well  spell  the  end  of 
the  American  dream  for  us  and  the 
world.  Once  co2  is  in  the  atmosphere, 
we  can't  easily  remove  it.  Since  most 
of  the  forecast  rise  in  the  gas  is  a 
function  of  simple  economic  and  pop¬ 
ulation  growth  in  the  Third  World, 
there  is  no  realistic  economic  way  to 
prevent  a  co2  doubling  without  slash¬ 
ing  growth  and  risking  a  revolt  of  the 
have-not  nations  against  the  haves. 
The  Washington,  D.C. -based  Center 
for  Strategic  &  International  Studies 
points  out  that,  even  though  the  U.S. 
is  now  the  largest  carbon  fuel  user,  it's 
the  developing  countries  that  will 
quadruple  their  energy  consumption 
by  2025.  "By  the  middle  of  the  next 
century,  they  will  account  for  the 
bulk  of  the  greenhouse  gases  emitted 
into  the  atmosphere,  even  if  they  suc¬ 
ceed  in  doubling  energy  efficiency." 


The  Environmental  Protection 
Agency  finds  that  just  to  stabilize  U.S. 
co2  emissions  at  present  levels  would 
force  30%  taxes  on  oil  and  coal,  while 
to  meet  environmentalists'  demands 
for  a  20%  reduction  in  U.S.  co2  emis¬ 
sions  would  require  a  tax  of  $25  per 
barrel  on  oil,  and  $200  a  ton  on  coal, 
effectively  doubling  U.S.  energy  costs. 

Unfortunately,  the  popular  media 
don't  seem  to  care.  In  May  the  nation¬ 
al  press  erupted  in  a  two-day  firestorm 
when  Hansen  told  Senator  Gore's 
subcommittee  that  the  Office  of  Man¬ 
agement  &  Budget  had  censored  his 
florid  global  warming  testimony  by 
adding  the  modest  caveat,  "These 
changes  should  be  viewed  as  esti¬ 
mates  from  evolving  computer  mod¬ 
els  and  not  as  reliable  predictions." 

Yet,  at  the  moment  of  that  testimo¬ 
ny,  61  of  the  world's  top  climatolo¬ 
gists,  gathered  for  a  five-day  work¬ 
shop  in  Amherst,  Mass.,  were  largely 
agreeing  with  omb.  Science  magazine 
reported  that  most  of  the  attendees 
were  pleasantly  surprised  by  omb's 
efforts  to  control  Hansen:  "I  can't  say 
I  agree  with  censorship,  but  it  seems 
omb  has  better  people  than  I  thought. 
I'd  have  to  agree  with  their  angle," 
said  Rick  Katz  of  the  National  Center 
for  Atmospheric  Research,  one  of  the 
leading  modelers. 

Conference  leader  Michael  Schle- 
singer,  another  top  modeler  (Universi¬ 
ty  of  Illinois),  agreed:  "(Hansen's] 
statements  have  given  people  the  feel¬ 
ing  the  greenhouse  effect  has  been 
detected  with  certitude.  Our  current 
understanding  does  not  support  that. 
Confidence  in  its  detection  is  now 
down  near  zero." 

That  conclusion  was  buttressed  by 
one  of  the  deans  of  U.S.  climatology, 
Reid  Bryson,  a  founder  of  the  Institute 
for  Environmental  Studies  at  the  Uni¬ 
versity  of  Wisconsin,  who  said  in  July: 
"The  very  clear  statements  that  have 
been  made  (by  Hansen]  that  the  green¬ 
house  warming  is  here  already  and 
that  the  globe  will  be  4  degrees  [centi¬ 
grade]  warmer  in  50  years  cannot  be 
accepted." 

On  Dec.  24,  1988,  Hansen  received 
an  unwelcome  Christmas  present  in 
the  form  of  a  new  research  paper  by 
one  of  the  world's  most  universally 
respected  climatologists,  Thomas 
Karl,  and  two  of  his  colleagues  at  the 
National  Oceanographic  &.  Atmo¬ 
spheric  Administration,  Kirby  Han¬ 
son  and  George  Maul.  Their  review  of 
the  best  climate  record  in  the  world — 
that  of  the  48  contiguous  United 
States — concluded:  "There  is  no  sta¬ 
tistically  significant  evidence  of  an 
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overall  increase  in  annual  tempera¬ 
ture  or  change  in  annual  precipitation 
for  the  contiguous  U.S.  1895-1987." 
Look  at  the  chart  on  pages  96-97.  As 
Karl  says  in  an  interview,  "If  there  is  a 
greenhouse  warming  effect,  you  can't 
find  it  in  the  U.S.  records." 

That  news  alone  should  have 
cooled  off  the  global  warming  move¬ 
ment.  But  the  environmentalists  ac¬ 
cepted  Hansen's  dismissal  of  the  pa¬ 
per  as  "not  significant"  because  the 
data  covered  only  1.5%  of  the  earth's 
surface,  not  nearly  enough  to  identify 
major  trends. 

But  mit  meteorologist  Richard 
Lindzen  says  th5t  Hansen's  rebuttal  is 
out  of  line.  He  points  out  that  because 
of  the  law  of  large  numbers — the  fact 
that  a  large  enough  sample  is  likely  to 
give  an  accurate  picture  of  a  larger 
population — "the  absence  of  any 
trend  in  the  record  of  the  contiguous 
U.S.  leads  to  the  suspicion  that  all  the 
trends  in  the  global  record  may  be 
spurious." 

The  major  reason  for  this  is  that 
when  you  fully  subject  global  tem¬ 
perature  records  (as  Karl  did  the  U.S. 
records)  to  adjustment  for  the  effects 
of  urbanization  (cities  are  heat  islands 
that  artificially  inflate  temperature 
records),  the  global  warming  trend 
since  1880  has  been  only  a  third  of  a 
degree  centigrade,  and  over  the 
Northern  Hemisphere  land  masses, 
no  trend  at  all. 

Here's  another  fact,  noted  by  Hugh 
Ellsaesser  of  Lawrence  Livermore 
Laboratories,  that  should  trouble  the 
calamity  theorists:  Most  of  the  past 
century's  warming  trend  took  place 
by  1938,  well  before  the  rise  in  co2 
concentration.  From  1938  to  1970 
temperatures  plunged  so  sharply  a 
new  ice  age  was  widely  forecast.  Fur¬ 
thermore,  the  warming  trend  since 
1976  has  been  just  the  opposite  of  that 
forecast  by  the  greenhouse  model, 
with  cooling  in  both  the  northern  Pa¬ 
cific  and  North  Atlantic. 

In  fact,  the  Northern  Hemisphere 
shows  no  net  change  over  the  last  55 
years,  during  which  co2  concentra¬ 
tion  rose  from  approximately  300  to 
350  ppm  and  other  thermally  active 
trace  gases  were  in  their  steepest 
growth  phases. 

In  spite  of  this  clear  lack  of  correlat¬ 
ed  warming  evidence,  one  of  the  lead¬ 
ing  climate  models  now  predicts  that 
a  1%  annual  rise  in  co2  should,  over 
30  years,  produce  a  0. 7-degree  centi¬ 
grade  warming.  But  when  Patrick  Mi¬ 
chaels  of  the  University  of  Virginia 
applied  that  formula  to  the  period 
from  1950  to  1988,  when  greenhouse 
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gases  rose  1.2%  per  year,  he  found  a 
tiny  0.2-degree  warming  in  land  tem¬ 
peratures,  where  the  model  would 
have  predicted  1.3  degrees.  When  a 
model  cannot  come  within  500%  of 
explaining  the  past,  it  is  useless  as  a 
predictor  of  anything. 

As  Reid  Bryson  concludes  in  a  1988 
paper,  "A  statement  of  what  the  cli¬ 
mate  is  going  to  be  in  the  year  a.d. 
2050  is  a  63-year  forecast.  Do  the 
models  have  a  demonstrated  capabili¬ 
ty  of  making  a  63-year  forecast?  No.  A 
6.3-year  forecast?  No.  Have  they  suc¬ 
cessfully  simulated  the  climatic  vari¬ 
ation  of  the  past  century  and  a  half? 
No.  They  are  marvels  of  mathematics 
and  computer  science,  but  rather 
crude  imitators  of  reality." 

The  major  weakness  of  the  models 
is  their  assumption  that  the  co2 
buildup  is  the  significant  climate 
variable,  and  should  ceteris  paribus  (all 
other  things  being  equal)  generate 
warming.  But,  as  it  turns  out,  the  cete¬ 
ris  are  decidedly  not  paribus. 

One  of  those  variables  is  cloud  cov¬ 
er,  which  is  at  least  100  times  more 
powerful  in  affecting  temperatures 


than  greenhouse  gases  and  is  infinite¬ 
ly  variable.  Yet,  because  cloud  cover 
has  been  documented  only  for  a  de¬ 
cade  or  so  (by  weather  satellites),  the 
models  have  little  to  go  on.  Until  re¬ 
cently,  the  modelers  assumed  that 
warmth  gave  rise  to  the  kind  of  clouds 
that  trap  heat,  contributing  still  fur¬ 
ther  to  warming,  in  a  vicious  cycle. 
But  in  June  1988,  V.  Ramanathan  of 
the  University  of  Chicago  and  a  team 
of  scientists  at  nasa  concluded  from 
preliminary  satellite  data  that 
"clouds  appear  to  cool  earth's  cli¬ 
mate,"  possibly  offsetting  the  atmo¬ 
spheric  greenhouse  effect. 

The  supreme  irony  is  that  this 
"cooling  effect,"  most  pronounced  in 
the  Northern  Hemisphere,  coincides 
with  the  paths  of  coal-burning  emis¬ 
sion  plumes  with  their  high  concen¬ 
tration  of  sulfur  dioxide.  That  con¬ 
firms  a  long-held  thesis  that  sulfur 
dioxide  creates  "cool  clouds."  Of 
course,  it  is  very  upsetting  to  an  envi¬ 
ronmentalist  to  discover  that  a  pollut¬ 
ant  has  a  beneficial  side  effect. 

Sulfur  dioxide  emissions  not  only 
acidify  rain,  they  combine  with  water 


vapor  to  form  what  are  known  as  "aer¬ 
osols,"  which  have  the  effect  of 
brightening  clouds  and  making  them 
reflect  more  heat  away  from  the  earth. 
Wisconsin's  Reid  Bryson  described 
this  effect  as  early  as  20  years  ago. 
Bryson's  thesis  was  scorned  at  the 
time.  But  last  June,  Thomas  Wigley, 
one  of  England's  top  climatologists 
and  a  global  warming  enthusiast,  con¬ 
ceded  in  a  paper  in  Nature  magazine 
that  sulfur  dioxide  cooling  "is  suffi¬ 
ciently  large  that  the  effects  may  have 
significantly  offset  the  temperature 
changes  that  resulted  from  the  green¬ 
house  effect." 

Michaels  says  this  could  also  ex¬ 
plain  in  part  why  U.S.  daytime  highs 
(when  brighter  clouds  have  the  most 
cooling  effect)  have  actually  declined 
substantially  in  the  last  50  years,  even 
as  the  nighttime  lows  have  risen. 
"This  should  make  you  wonder,"  says 
Michaels,  "why  Hansen  [and  others) 
have  only  perturbed  their  models 
with  co2,  and  not  with  so2  as  well.  If 
you  only  perturb  the  model  with  co2, 
it  will  predict  the  greenhouse  warm¬ 
ing  effect.  If  you  only  perturb  it  with 
so2,  you  get  an  ice  age." 

Hugh  Ellsaesser  says  the  main  rea¬ 
son  the  models  have  been  so  com¬ 
pletely  wrong  in  "predicting"  the  past 
is  that  they  completely  ignore  the 
countervailing,  thermostatic  effects 
of  the  hydrological  cycle  of  evapora¬ 
tion  and  condensation.  Two-thirds  of 
the  predicted  global  warming  is  due 
not  directly  to  co2's  radiative  power 
but  to  an  indirect  effect:  Carbon  diox¬ 
ide  warming  supposedly  causes  a 
threefold  amplification  of  water  vapor 
surface  evaporation  into  the  atmo¬ 
spheric  blanket. 

But  Ellsaesser  says  in  the  warmer, 
tropical  latitudes,  where  the  tempera¬ 
ture  change  from  sea-level  upward  is 
most  rapid,  evaporation  has  the  oppo¬ 
site  effect.  There,  water  vapor  rises  by 
deep  convection  in  fast-rising  towers. 
This  in  turn  leads  to  more  rapid  con¬ 
densation  and  precipitation,  which 
then  causes  a  drying  and  thinning  of 
the  upper  atmosphere  in  a  process 
called  subsidence.  "In  the  lower  lati¬ 
tudes,  a  rise  in  co2  emissions  will 
produce  a  3-to-l  rise  in  greenhouse 
blanket  thinning  due  to  condensation. 
That's  exactly  the  opposite  of  what 
the  models  predict,"  he  says. 

An  eminent  British  scientist,  Sir 
James  Lovelock,  says  this  hydrologi¬ 
cal  process  "is  comparable  in  magni¬ 
tude  with  that  of  the  carbon  dioxide 
greenhouse,  but  in  opposition  to  it." 
National  Oceanographic  scientist 
Thomas  Karl  agrees:  "We  will  eventu- 
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ally  discover  how  naive  we  have  been 
in  not  considering  co2's  effects  on 
cloud  cover  and  convection.  As  co2 
speeds  up  the  hydrological  cycle, 
more  convection  creates  more  clouds 
and  more  cooling.  So,  the  greenhouse 
effect  could  turn  out  to  be  minimal,  or 
even  benign." 

mit's  Richard  Lindzen  thinks  that 
correcting  for  deep  convection  alone 
could  lower  the  global  warming  esti¬ 
mates  by  a  factor  of  six.  As  a  result,  he 
says,  "It  is  very  unlikely  that  we  will 
see  more  than  a  few  tenths  of  a  degree 
centigrade  from  this  cause  [co2]  over 
the  next  century." 

In  the  face  of  such  mounting  evi¬ 
dence,  U.S.  businesses  may  stop  wor¬ 
rying  about  devastating  legislative  en¬ 
actments.  That  could  be  a  mistake.  As 
Nobel  economist  James  Buchanan  ar¬ 
gues,  what  drives  Washington  policy¬ 
making  is  not  economic  or  scientific 
realities  but  "public  choice,"  the  pur¬ 
suit  of  power  and  funding. 

The  public  choice  potential  of  glob¬ 
al  warming  is  immense.  Under  a  glob¬ 
al  warming  scenario,  the  epa  would 
become  the  most  powerful  govern¬ 
ment  agency  on  earth,  involved  in 
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massive  levels  of  economic,  social, 
scientific  and  political  spending  and 
interference,  on  a  par  with  the  old 
Energy  Department.  Don't  forget  the 
energy  crisis:  During  the  1970s,  a 
great  many  less-than-honest  scien¬ 
tists  confidently  predicted  the  world 
was  about  to  run  out  of  fossil  fuels, 
and  that  by  1985,  we'd  be  paying  $100 
a  barrel  for  oil,  or  more.  We  wasted 
billions  on  energy  subsidies. 

Senator  Albert  Gore  is  evidence  of 
this  public  choice  phenomenon.  He 
seems  determined  to  run  his  next 
presidential  campaign  at  least  in  part 
on  climate  change,  saving  Mother 
Earth.  Every  year,  at  least  one-sixth  of 
the  U.S.  is  classified  by  the  govern¬ 
ment's  Palmer  Index  as  being  in 
drought.  Even  though  that  index  over¬ 
states  the  case,  Gore  could  be  looking 
at  some  very  big  political  states — 
maybe  California  or  Texas  or  Iowa — 
where  his  message  will  resonate  with 
farmers  and  business.  All  he  has  to  do 
is  wait  for  a  warm  spell,  and  capitalize 
on  what  mathematicians  call  noise  in 
the  statistics. 

Patrick  Michaels  explains:  "We 
know  that  the  Pacific  Ocean  current 


known  as  El  Nino  tends  to  warm  and 
cool  in  two-year  cycles.  Just  as  its 
warming  cycle  produced  the  1987-88 
droughts,  in  1989  it  cooled  sharply, 
making  the  U.S.  much  cooler  and 
wetter  than  Hansen  had  forecast,  and 
that  is  likely  to  happen  in  1990,  again. 
But  that  means  that  1991  and  1992 
should  be  warmer  and  drier  than  usu¬ 
al  as  the  El  Nino  current  warms.  It 
won't  matter  that  this  has  nothing  to 
do  with  global  warming,  the  media 
will  perceive  it  that  way,  and  people 
will  tend  to  believe  it." 

Bernard  Cohen,  a  physicist  at  the 
University  of  Pittsburgh,  warns,  in  a 
1984  book:  "Our  government's  sci¬ 
ence  and  technology  policy  is  now 
guided  by  uninformed  and  emotion- 
driven  public  opinion  rather  than  by 
sound  scientific  advice.  Unless  solu¬ 
tions  can  be  found  to  this  problem, 
the  U.S.  will  enter  the  21st  century 
declining  in  wealth,  power  and  in¬ 
fluence.  .  .  .  The  coming  debacle  is 
not  due  to  the  problems  the  environ¬ 
mentalists  describe,  but  to  the  poli¬ 
cies  they  advocate." 

"Global  warming"  may  well  prove 
Cohen  right.  ■ 
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Original  article  contains  photos  of  Senator  Gore,  James  Hansen,  Reid  Bryson,  Richard  Lindzen,  Hugh 
Ellsasser,  and  Patrick  Michaels. 
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Global  Climatic  Change 

Evidence  suggests  that  production  of  carbon  dioxide  and  methane 
from  human  activities  has  already  begun  to  change  the  climate 
and  that  radical  steps  must  he  taken  to  halt  any  further  change 


by  Richard  A.  Houghton  and  George  M.  Woodwell 


The  world  is  warming.  Climatic 
zones  are  shifting.  Glaciers  are 
melting.  Sea  level  is  rising.  These 
are  not  hypothetical  events  from  a 
science-fiction  movie;  these  changes 
and  others  are  already  taking  place, 
and  we  expect  them  to  accelerate  over 
the  next  years  as  the  amounts  of  car¬ 
bon  dioxide,  methane  and  other  trace 
gases  accumulating  in  the  atmosphere 
through  human  activities  increase. 

The  warming,  rapid  now,  may  be¬ 
come  even  more  rapid  as  a  result  of 
the  warming  itself,  and  it  will  continue 
into  the  indefinite  future  unless  we 
take  deliberate  steps  to  slow  or  stop  it. 
Those  steps  are  large  and  apparent¬ 
ly  difficult:  a  50  percent  reduction  in 
the  global  consumption  of  fossil  fuels, 
a  halting  of  deforestation,  a  massive 
program  of  reforestation. 

There  is  little  choice.  A  rapid  and 
continuous  warming  will  not  only  be 
destructive  to  agriculture  but  also 
lead  to  the  widespread  death  of  forest 
trees,  uncertainty  in  water  supplies 
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and  the  flooding  of  coastal  areas. 
When  the  ice  now  covering  the  Arctic 
Ocean  melts,  further  unpredictable 
changes  in  the  global  climate  will  en¬ 
sue.  There  may  be  controversy  over 
whether  the  data  are  adequate  and 
whether  the  warming  is  caused  by 
changes  in  the  atmosphere.  Yet  there 
is  an  unusually  powerful  consensus 
among  climatologists  that  the  domi¬ 
nant  influence  on  global  climate  over 
the  next  centuries  will  be  a  warming 
driven  by  the  accumulation  of  heat¬ 
trapping  gases.  The  consequences  are 
threatening  enough  so  that  many  sci¬ 
entists,  citizens  and  even  political 
leaders  are  urging  immediate  action 
to  halt  the  warming. 

The  fact  that  heat-trapping  gases 
have  been  accumulating  in  the 
atmosphere  is  well  established. 
Since  the  middle  of  the  1 9th  century 
the  amount  of  atmospheric  carbon 
dioxide  has  increased  by  about  25 
percent.  The  increase  has  come  about 
because  human  activities,  especially 
the  burning  of  coal  and  oil  and  the 
destruction  of  forests,  have  released 
greater  quantities  of  carbon  dioxide 
into  the  atmosphere  than  have  been 
removed  by  diffusion  into  the  oceans 
or  by  photosynthesis  on  land  [see  il¬ 
lustration  on  page  4]. 

The  increase  in  carbon  dioxide  ap¬ 
pears  trifling  when  one  considers  that 
the  total  amount  in  the  atmosphere  is 
a  little  more  than  .03  percent  by  vol¬ 
ume.  Hut  in  spite  of  its  low  concen¬ 
tration,  carbon  dioxide  and  several 
other  gases  present  in  even  smaller 
amounts  have  an  important  role  in 
determining  the  temperature  of  the 


earth.  In  contrast  to  both  nitrogen  and 
oxygen,  which  together  make  up  more 
than  99  percent  of  the  atmosphere, 
these  trace  gases  absorb  infrared  radi¬ 
ation,  or  radiant  heat.  Since  in  this 
regard  they  act  much  like  the  glass 
over  a  greenhouse,  they  are  commonly 
referred  to  as  greenhouse  gases. 

Because  the  total  amount  of  green¬ 
house  gases  is  small,  their  concentra¬ 
tions  are  easily  changed.  An  increase 
in  the  concentration  of  any  one  of 
them  increases  the  atmosphere’s  ca¬ 
pacity  to  retain  heat  and  raises  the 
temperature  at  which  the  atmosphere 
comes  into  equilibrium  with  the  ener¬ 
gy  it  receives  from  the  sun.  In  recent 
years  investigators  have  recognized 
that  the  atmospheric  burden  of  green¬ 
house  gases  other  than  carbon  diox¬ 
ide,  such  as  methane  (CH4),  nitrous 
oxide  (N20)  and  the  chlorofluorocar- 
bons  (cfc's),  is  also  growing  at  an 
increasing  rate.  By  the  mid-1980’s,  in 
fact,  these  gases  had  reached  levels 
at  which  their  combined  effect  ap¬ 
proached  that  of  carbon  dioxide. 

In  this  article  we  emphasize  the  role 
of  carbon  dioxide  and  methane  be¬ 
cause  they  are  the  principal  contribu¬ 
tors  to  the  current  warming,  because 
their  concentrations  are  strongly  in¬ 
fluenced  by  biological  processes  and 
because  slowing  or  stopping  the  glob¬ 
al  warming  will  require  control  of  car¬ 
bon  dioxide  emissions  in  particular. 

Global  warming  due  to  the  accumu¬ 
lation  of  heat-trapping  gases,  particu¬ 
larly  carbon  dioxide,  was  predicted  at 
the  turn  of  the  century  by  Svante  Ar¬ 
rhenius  in  Sweden  and  Thomas  C. 
Chamberlin  in  the  U.S.  Systematic  re¬ 
search  on  the  atmospheric  accumula- 
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tion  of  carbon  dioxide  began  only  in 
1958.  Since  then  Charles  D.  Keeling  of 
the  Scripps  Institution  of  Oceanogra¬ 
phy  has  provided  a  continuous  record 
of  the  carbon  dioxide  level  at  various 
stations,  the  best-known  of  which  is  at 
Mauna  Loa  in  the  Hawaiian  Islands  [see 
illustration  on  page  5]. 

Information  on  the  earth’s  temper¬ 
ature  has  been  more  difficult  to  ac¬ 
cumulate.  Strong  evidence  for  glob¬ 


al  warming  became  available  by  late 
1988.  The  most  direct  evidence  lies  in 
temperature  records  from  around  the 
world.  James  E.  Hansen  of  the  Nation¬ 
al  Aeronautics  and  Space  Adminis¬ 
tration’s  Goddard  Institute  of  Space 
Studies  and  his  colleagues  have  ana¬ 
lyzed  temperature  records  going  back 
to  1860.  Their  analyses  suggest  that 
the  average  global  temperature  has  in¬ 
creased  by  from  .5  to  .7  degree  Celsius 


since  that  year.  The  greatest  increase 
has  taken  place  in  the  past  decade; 
this  recent  warming  is  both  statistical¬ 
ly  significant  and  consistent  with  their 
experience  based  on  theory  and  on 
models  of  the  global  climatic  system. 

Thomas  M.  L.  Wigley  and  his  col¬ 
leagues,  working  independently  at  the 
University  of  East  Anglia  in  England, 
have  also  shown  the  increase  in  aver¬ 
age  global  temperature.  The  rise  has 


HOLE-IN-THE-WALL  GLACIER  in  Wrangell-St.  Elias  National  Park, 
Alaska,  is  shown  in  an  aerial  view.  The  exposed  ground  at  the 
foot  of  the  glacier  exhibits  striations  and  moraines,  the  piles  of 
debris  left  by  a  moving  glacier;  the  ground  has  not  had  time  to 
grow  vegetation.  All  these  are  signs  of  recent  glacial  retreat. 


Similar  behavior  of  a  number  of  glaciers  around  the  world  (see 
illustration  on  page  7),  the  increasing  depth  to  permafrost  and 
other  data  suggest  that  warming  has  continued  since  the  last 
glacial  period.  Its  cause,  however,  extending  back  long  before 
the  current  buildup  of  greenhouse  gases,  remains  a  puzzle. 
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not  been  observed  in  all  regions:  a 
recent  analysis  of  climate  records  by 
Kirby  Hanson  and  his  colleagues  at  the 
National  Oceanic  and  Atmospheric  Ad¬ 
ministration  shows  no  trend  in  tem¬ 
perature  for  the  contiguous  U.S.  Such 
regional  variation  is  not  unexpected; 
the  contiguous  U.S.  covers  only  1.5 
percent  of  the  globe’s  surface. 

The  observed  rise  in  global  tem¬ 
perature  has  not  been  steady 
and  is  clearly  not  simply  a  re¬ 
sponse  to  the  accumulation  of  green¬ 
house  gases.  There  was,  for  example,  a 
decline  in  the  mean  global  tempera¬ 
ture  between  1940  and  1965  in  spite 
of  the  continued  increase  of  heat-trap¬ 
ping  gases  in  the  atmosphere.  Never¬ 
theless,  Phil  D.  Jones,  one  of  Wigley’s 
collaborators,  has  just  recently  report¬ 
ed  that  the  global  temperature  has 
risen  about  .5  degree  C  since  the  be¬ 
ginning  of  the  century  and  that  the  six 
warmest  years  on  record  were  1988, 
1987,  1983,  1981,  1980  and  1986  in 
that  order. 


If  a  .5-degree  temperature  change 
seems  insubstantial,  one  should  re¬ 
member  that  in  1816,  the  “year  with¬ 
out  a  summer,”  the  mean  global  tem¬ 
perature  drop  was  also  less  than  one 
degree.  It  was  nonetheless  sufficient 
to  cause  frosts  in  June  in  New  En¬ 
gland  and  widespread  crop  failures 
[see  “The  Year  without  a  Summer,”  by 
Henry  Stommel  and  Elizabeth  Stom- 
mel ;  Scientific  American,  June,  1 979]. 
The  heat  and  drought  that  have  af¬ 
flicted  North  America  and  other  re¬ 
gions  of  the  earth  in  recent  years  are 
consistent  with  the  predictions  of  a 
global  warming  trend. 

There  are  other  indications  of  an 
accelerated  warming.  According  to  Ar¬ 
thur  H.  Lachenbruch  and  B.  Vaughn 
Marshall  of  the  U.S.  Geological  Sur¬ 
vey,  the  depth  to  permafrost  in  the 
Alaskan  and  Canadian  Arctic  has  in¬ 
creased  in  recent  decades.  The  aver¬ 
age  temperature  of  Canadian  lakes 
has  increased;  the  annual  maximum 
extent  of  sea  ice  surrounding  the 
Antarctic  continent  and  in  the  Arctic 

ANNUAL  INCREMENT 
IN  ATMOSPHERE 
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seas  appears  to  be  declining;  inland 
glaciers  throughout  Europe  and  else¬ 
where  have  receded. 

These  observations  are  consistent 
with  predictions  made  by  climatolo¬ 
gists  on  the  basis  of  theory  aided 
by  general  circulation  models.  Sever¬ 
al  such  global  models  exist  and,  al¬ 
though  analyses  based  on  them  do  not 
agree  in  detail,  the  general  predictions 
are  consistent  with  theory  and  experi¬ 
ence.  Climatologists  expect  that  the 
greatest  warming  will  occur  at  higher 
latitudes  in  winter.  In  these  latitudes 
the  warming,  according  to  the  mod¬ 
els,  will  probably  be  at  least  twice 
the  global  average.  In  addition  it  is  ex¬ 
pected  that  the  upper  atmosphere  will 
cool  as  the  lower  atmosphere  warms 
and  that  there  will  be  less  precipita¬ 
tion  and  less  moisture  in  the  soil  at 
lower  latitudes.  All  these  trends  have 
been  reported  in  recent  years. 

Data  such  as  those  are  always  open 
to  further  analyses,  interpretation 
and  augmentation.  They  invariably 
appear  to  suffer  from  inadequacies  of 


SIZE  OF  RESERVOIR 
(1  O9  METRIC  TONS) 

WORLD  VEGETATION 

560  ■ 

WORLD  SOILS 

1,500  S 

ATMOSPHERE 

735  i 

OCEANS 

36,000  | 

FOSSIL  FUEL  RESERVES 

5,000  TO  10,000  ' 

ANNUAL  CARBON  FLUXES  are  shown  in  units  of  one  billion 
( 1 0  9 )  metric  tons.  Photosynthesis  on  land  removes  about  100 
billion  tons  of  carbon  from  the  atmosphere  annually  in  the 
form  of  carbon  dioxide.  Plant  and  soil  respiration  each  return 
about  50  billion  tons.  Fossil-fuel  burning  and  deforestation 


release  into  the  atmosphere  respectively  about  five  and  two 
billion  tons.  Physicochemical  processes  at  the  sea  surface  re¬ 
lease  about  100  billion  tons  into  the  atmosphere  and  absorb 
about  104.  The  net  atmospheric  gain  is  about  three  billion  tons 
annually.  The  table  lists  the  world’s  major  carbon  reservoirs. 
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measurement  and  uncertainties  about 
whether  the  period  over  which  the 
measurements  were  taken  was  long 
enough  to  be  significant.  Investigators 
are  currently  improving  the  data  and 
the  analyses,  but  the  fact  remains  that 
the  observations  described  above,  tak¬ 
en  together  with  the  rising  concentra¬ 
tion  of  greenhouse  gases,  constitute 
strong  evidence  that  the  process  an¬ 
ticipated  nearly  a  century  ago  by  Ar¬ 
rhenius  is  under  way. 

One  can  learn  much  about  po¬ 
tential  future  changes  in  cli¬ 
mate  by  examining  past  cli¬ 
matic  change.  A  mere  1 5,000  years  ago 
glaciers  covered  much  of  North  Ameri¬ 
ca  and  northern  Europe.  Were  changes 
in  the  composition  of  the  atmosphere 
involved  in  the  great  climate  swings 
that  brought  glacial  and  interglacial 
periods?  The  answer  is  not  completely 
clear,  but  one  of  the  most  important 
advances  in  recent  years  has  been  the 
ability  to  determine  atmospheric  com¬ 
position  in  previous  eras  from  tiny 
samples  of  air  trapped  in  glacial  ice. 
In  particular,  determination  of  the  at¬ 
mospheric  composition  during  peri¬ 
ods  of  glacial  expansion  and  retreat 
has  been  made  possible  by  data  ob¬ 
tained  from  an  ice  core  drilled  by  a 
joint  French-Soviet  team  at  the  Antarc¬ 
tic  Vostok  station. 

The  Vostok  core,  as  it  is  called,  was 
2,000  meters  in  length,  long  enough  to 
sample  ice  dating  through  the  past 
160,000  years  [see  illustration  on  next 
page].  The  data  show  fluctuations  in 
temperature  of  up  to  10  degrees;  such 
fluctuations  are  derived  from  changes 
in  the  isotopic  ratios  in  the  core.  It  is 
well  established,  for  example,  that  the 
ratio  of  the  two  common  isotopes  of 
oxygen,  180  and  160,  in  cores  of  ma¬ 
rine  sediments  reflects  past  temper¬ 
ature  changes. 

The  Vostok  data  also  show  how 
the  abundances  of  atmospheric  gases 
have  fluctuated  with  temperature  over 
the  past  160,000  years:  the  higher  the 
temperature,  the  greater  the  concen¬ 
tration  of  carbon  dioxide  and  vice  ver¬ 
sa.  To  be  sure,  the  correlation  of  car¬ 
bon  dioxide  with  temperature  does 
not  establish  whether  changes  in  at¬ 
mospheric  composition  caused  the 
warming  and  cooling  trends  or  were 
caused  by  them.  Although  the  carbon 
dioxide  content  follows  temperature 
very  closely  during  periods  of  deglaci¬ 
ation,  it  apparently  lags  behind  tem¬ 
perature  during  periods  of  cooling. 

Although  there  is  tight  statistical 
coupling  between  carbon  dioxide  and 
temperature  throughout  the  record, 
the  temperature  changes  are  from  five 


CORRELATION  among  the  global  temperature  change,  level  of  heat-trapping  gases 
and  carbon  dioxide  emissions  is  shown  in  the  first  three  graphs  for  the  past  140 
years.  In  graph  a  both  the  annual  mean  temperature  ( spiky  curve )  and  the  five-year 
running  mean  ( smooth  curve )  are  plotted.  Graphs  b  and  c  show  the  atmospheric 
carbon  dioxide  and  methane  content  respectively.  Pre-1958  data  come  from  analy¬ 
ses  of  air  trapped  in  bubbles  of  glacial  ice  from  various  sites  around  the  world. 
The  annual  production  of  carbon  from  fossil-fuel  burning  {black)  and  from  change  in 
land  use  (color)  is  shown  in  d;  the  last  data  were  obtained  from  historical  sources. 


Scientific  American  April  1 989 


5 
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DEPTH  (METERS) 

500  1,000  1,500  2,000 


to  14  times  greater  than  would  be 
expected  on  the  basis  of  the  radiative 
properties  of  carbon  dioxide  alone. 
This  relation  suggests  that  quite  aside 
from  changes  in  greenhouse  gases, 
certain  positive  feedbacks  are  ampli¬ 
fying  the  response.  Such  feedbacks 
might  involve  ice  on  land  and  sea, 
clouds  or  water  vapor,  which  also  ab¬ 
sorb  radiant  heat. 

Other  data  from  the  same  Vostok 
core  sample  show  that  methane  also 
closely  follows  temperature  and  car¬ 
bon  dioxide.  The  methane  concentra¬ 
tion  nearly  doubled,  for  example,  be¬ 
tween  the  peak  of  the  penultimate 
glacial  period  and  the  following  inter¬ 
glacial  period.  Within  the  present  in¬ 
terglacial  period  it  has  more  than  dou¬ 
bled  in  just  the  past  300  years  and  is 
rising  rapidly.  Although  the  concen¬ 
tration  of  atmospheric  methane  is 
more  than  two  orders  of  magnitude 
lower  than  that  of  carbon  dioxide,  it 
cannot  be  ignored:  the  radiative  prop¬ 
erties  of  methane  make  it  20  times 
more  effective  molecule  for  molecule 
than  carbon  dioxide  in  absorbing  ra¬ 
diant  heat.  On  the  basis  of  Hansen’s 
radiative-convective  model,  which  in¬ 
cludes  chemical  feedbacks,  methane 
appears  to  have  been  about  25  percent 
as  important  as  carbon  dioxide  in  the 
warming  that  took  place  during  the 
most  recent  glacial  retreat  8,000  to 
10,000  years  ago. 

How  can  a  global  rise  in  tem¬ 
perature  be  expected  to  cause 
greater  releases  of  carbon  di¬ 
oxide  and  methane  into  the  atmos¬ 
phere?  In  the  process  of  photosynthe- 


VOSTQK  ICE  CORE  DATA  reveal  a  cor 
relation  between  certain  gas  concen¬ 
trations  and  temperature  over  the  past 
160,000  years.  The  ice  core,  2,200 
meters  long,  contains  bubbles  of  air 
with  carbon  dioxide  and  methane  that 
were  trapped  at  different  depths  (top 
scale)  and  hence  at  different  times  ( bot¬ 
tom  scale).  Several  independent  meth¬ 
ods  have  established  that  the  deuterium 
concentration  in  ice  is  a  good  measure  of 
past  temperature;  both  temperature  and 
deuterium  level  are  plotted  in  a.  More 
traditional  is  the  use  of  the  oxygen  iso¬ 
tope  lsO  to  track  temperature;  curve  b  is 
almost  identical  with  a.  The  remarkable 
agreement  with  the  shape  of  the  Vostok- 
station  carbon  dioxide  curve  c  argues 
that  carbon  dioxide  can  also  serve  as 
a  global  thermometer.  Data  on  Antarc¬ 
tic  methane  compiled  in  1985  and  1986 
from  several  stations  (d)  strengthens 
the  conclusion  that  levels  of  greenhouse 
gases  are  positively  correlated  with  tem¬ 
perature  and  may  actually  influence  it. 
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RHONE  GLACIER  in  Switzerland  is  shown  in  a  lithograph  after  an  1848  watercolor  by 
Henri  Hogard  (top).  Four  sets  of  moraines  are  clearly  visible.  The  outermost  set  has 
been  dated  to  1602,  the  second  to  1818,  the  third  to  1826  and  the  fourth  to  1848;  the 
pattern  indicates  that  the  glacier  had  been  retreating  up  the  valley  for  at  least  250 
years.  A  photograph  from  1970  ( bottom )  shows  that  the  glacier  has  retreated  still 
farther  up  the  valley.  The  retreat  is  additional  evidence  for  recent  global  warming. 


sis  terrestrial  plants  remove  about 
100  billion  tons  of  carbon  from  the 
atmosphere  per  year,  or  about  14 
percent  of  the  total  atmospheric  car¬ 
bon  content.  An  approximately  equal 
amount  of  carbon  is  returned  to  the 
atmosphere  through  the  processes  of 
plant  respiration  and  decay  of  organic 
matter.  Because  the  fluxes  are  a  sub¬ 
stantial  fraction  of  the  carbon  dioxide 
already  in  the  atmosphere  at  any  time, 
a  change  of  a  few  percent  in  either 
the  photosynthetic  or  the  respiratory 
flux  would  soon  significantly  alter  the 
atmospheric  carbon  dioxide  content. 
Will  global  warming  produce  such  an 
imbalance? 

The  answer  is  unclear  and  probably 
will  remain  so  until  after  the  climate 
has  changed  considerably  more  than 
it  has  already.  Nevertheless,  the  gener¬ 
al  picture  is  probably  as  follows.  The 
rate  of  photosynthesis  is  affected  by 
many  factors,  particularly  the  availa¬ 
bility  of  light,  water  and  nutrients.  It 
is  not,  however,  very  sensitive  to  tem¬ 
perature  change.  The  rates  of  plant 
respiration  and  decay,  on  the  other 
hand,  do  strongly  depend  on  the  tem¬ 
perature.  A  one-degree  temperature 
change  in  either  direction  often  al¬ 
ters  rates  of  plant  respiration  by  from 
10  to  30  percent. 

These  observations  suggest  that  a 
global  warming  will  speed  the  decay 
of  organic  matter  without  appreciably 
changing  the  rate  of  photosynthesis. 
That  will  increase  the  release  of  car¬ 
bon  dioxide  into  the  atmosphere.  A 
warming  will  also  result  in  more  meth¬ 
ane,  because  methane  is  produced  by 
respiration  in  regions  where  oxygen  is 
not  freely  available,  such  as  swamps, 
bogs  and  moist  soils.  In  recent  years 
there  has  been  a  rise  in  the  concentra¬ 
tion  of  atmospheric  methane  of  more 
than  1  percent  per  year.  The  increase 
is  both  rapid  and  significant  because, 
as  noted  above,  methane  is  20  times 
as  effective  as  carbon  dioxide  in  trap¬ 
ping  heat.  The  wet  soils  where  meth¬ 
ane  is  produced  as  a  result  of  an¬ 
aerobic  decay  probably  represent  the 
world’s  major  source  of  methane.  The 
global  warming  that  has  already  oc¬ 
curred  has  undoubtedly  stimulated 
anaerobic  decay  and  the  production  of 
methane  as  well  as  carbon  dioxide. 

It  is  possible  to  estimate  the  size  of 
the  resulting  increase  in  carbon  pro¬ 
duction  at  least  crudely.  A  significant 
fraction  (from  20  to  30  percent)  of 
global  respiration  on  land  takes  place 
in  the  forest  and  tundra  of  the  middle 
and  high  latitudes,  where  the  warming 
is  expected  to  be  greatest.  If  we  as¬ 
sume  that  the  mean  global  warming  to 
date  has  been  .5  degree  C,  and  that  in 


the  middle  and  high  latitudes  the  rise 
has  been  one  degree,  then  plant  res¬ 
piration  in  these  latitudes  and  the  de¬ 
cay  of  organic  matter  in  soils  has  in¬ 
creased  significantly.  If  the  increase  in 
respiration  is  between  5  and  20  per¬ 
cent  over  20  to  30  percent  of  the  total 
area  respiring,  then  total  global  res¬ 
piration  will  increase  between  1  and 
6  percent  above  normal.  Once  again 
assuming  that  the  annual  flux  of  car¬ 
bon  into  the  atmosphere  is  100  bil¬ 
lion  tons  and  that  the  rate  of  pho¬ 
tosynthesis  remains  unchanged,  the 
warming  that  has  already  taken  place 
has  meant  an  injection  of  between  one 
and  six  billion  tons  of  carbon  per  year. 
Over  the  past  century  from  20  to  30 
billion  tons  of  carbon  may  have  been 
released  in  this  manner. 

That  estimate  is  probably  high,  be¬ 
cause  the  average  warming  may  have 
been  less  than  assumed  and  because 
photosynthetic  response  will  tend  to 
reduce  the  release  of  carbon  dioxide. 
Yet  the  estimate  is  probably  not  high 
by  as  much  as  a  factor  of  two,  and  it 
serves  to  emphasize  the  importance 
of  biotic  feedback  mechanisms. 

How  does  the  value  just  com¬ 
puted  compare  with  amounts 
of  carbon  released  by  other 
known  processes?  The  release  from 
the  burning  of  fossil  fuels  is  approxi¬ 
mately  5.6  billion  tons  per  year;  defor¬ 
estation  adds  an  amount  estimated  at 
between  .4  and  2.5  billion  tons  per 
year.  The  total  carbon  injected  into  the 


atmosphere  from  these  two  sources 
added  to  a  temperature-enhanced  res¬ 
piration  is  not  known,  but  it  appears 
to  be  more  than  six  billion  tons  annu¬ 
ally  and  may  approach  10  billion. 

The  release  of  carbon  due  to  chang¬ 
es  in  the  respiratory  rate  could  fluctu¬ 
ate  appreciably;  a  gradual  warming, 
such  as  that  experienced  over  most  of 
this  century,  would  change  the  respi¬ 
ratory  rate  slowly  enough  so  that  year- 
to-year  changes  would  be  inconspic¬ 
uous.  On  the  other  hand,  a  sudden 
warming  or  cooling  over  a  period  of 
several  years  might  result  in  an  ob¬ 
servable  change  in  the  carbon  dioxide 
content  of  the  atmosphere.  In  the  past 
15  years  the  annual  rate  of  accumu¬ 
lation  of  atmospheric  carbon  dioxide 
has  been  about  1.5  parts  per  million, 
equivalent  to  a  global  accumulation  of 
about  three  billion  tons  of  carbon. 

According  to  data  recorded  on  Mau- 
na  Loa  and  at  the  South  Pole  by  Keel¬ 
ing,  however,  over  the  past  18  months 
the  accumulation  rate  has  risen  to 
about  2.4  parts  per  million,  equivalent 
to  about  five  billion  tons  of  carbon. 
Keeling  expects  that  the  surge  will 
prove  transitory,  as  a  lesser  surge  in 
1973  and  1974  did.  Nevertheless,  the 
implication  we  assign  to  the  observa¬ 
tions  at  the  moment  is  that  the  surge 
is  a  result  of  the  high  temperatures 
that  have  marked  the  1980’s,  delayed 
by  the  time  necessary  to  warm  the  soil. 
Whether  this  interpretation  is  correct 
remains  to  be  seen. 

Any  climatic  change  can  also  be  ex- 
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“GLOBAL  WARMING  FLOODS  FLORIDA”  could  be  a  tabloid  headline  if  the  polar  ice 
caps  began  to  melt.  Florida  is  shown  here  as  it  might  look  if  sea  level  rose  4.6  me¬ 
ters  above  ( bluish  green )  or  7.6  meters  above  ( light  green)  the  present  level  (blue).  In 
either  case  Miami  and  Lake  Okeechobee  are  submerged.  A  rise  of  four  to  five  meters 
might  be  expected  if  the  West  Antarctic  Ice  Sheet  broke  up  under  global  warming. 


pected  to  affect  the  ability  of  the  ter¬ 
restrial  biota,  in  particular  forests  and 
soils,  to  retain  carbon.  At  warming 
rates  that  are  lower  than  the  rates  at 
which  forests  develop,  forests  may  ac¬ 
tually  expand,  and  with  them  the  ca¬ 
pacity  to  store  carbon.  But  if  the  warm¬ 
ing  rate  exceeds  the  rates  at  which 
forests  migrate  into  more  climatically 
favorable  regions,  widespread  mortal¬ 
ity  of  trees  and  other  plants  is  likely  to 
follow.  The  net  result  of  such  destruc¬ 
tion  of  forests  is  difficult  to  predict, 
but  it  will  probably  mean  a  further 
release  of  carbon  dioxide  through  the 
decay  of  plants,  animals  and  organic 
matter  in  soils. 

The  amount  of  carbon  dioxide  that 
could  be  injected  into  the  atmosphere 
would  depend  heavily  on  the  rate  of 
climatic  change  in  the  forested  zones 
of  the  middle  and  high  latitudes.  Al¬ 
though  it  is  impossible  to  make  any 
accurate  calculation,  an  upper  limit 
is  given  by  the  amount  of  carbon  in 
these  forested  latitudes:  approximate¬ 
ly  750  billion  metric  tons,  or  about  the 
same  amount  of  carbon  as  there  is  in 
the  atmosphere  currently. 

Is  it  possible  that  a  global  warm¬ 
ing  could  stimulate  the  growth  of 
forests?  In  this  case  the  spread 
of  forests  to  high  latitudes  and  tun¬ 
dra  regions  would  result  in  a  great¬ 
er  uptake  of  carbon  dioxide  from  the 
atmosphere  and  a  greater  accumula¬ 
tion  of  carbon  dioxide  in  the  soil.  Such 
a  transition  is  unlikely.  Forests  re¬ 
quire  centuries  to  develop,  especially 
where  soils  are  thin  and  nutrients  are 
in  short  supply.  They  also  require  cli¬ 
matic  stability  and  sources  of  seeds. 
The  climatic  transitions  currently  un¬ 
der  way,  unless  they  are  checked,  are 
rapid  by  any  measure  and  can  be  ex¬ 
pected  to  continue  into  the  indefinite 
future.  They  do  not  offer  the  condi¬ 
tions  under  which  forests  are  able  to 
develop  on  new  land  and  remain  for 
long  periods. 

Might  the  warming  at  least  stimu¬ 
late  existing  forests  to  store  addition¬ 
al  carbon  in  plants  and  soil?  Perhaps. 
The  boreal  forest  and  other  coniferous 
forests  may  indeed  be  sufficiently  re¬ 
silient  to  respond  to  warming  with 
increased  photosynthesis  and  growth. 
Whether  the  carbon  taken  up  by  pho¬ 
tosynthesis  will  be  stored  or  simply 
released  through  increased  respira¬ 
tion  remains  an  open  question. 

There  is  also  the  possibility  that 
the  tundra,  the  treeless  plain  found 
in  arctic  and  subarctic  regions,  will 
respond  to  a  warming  in  surprising 
ways,  including  an  increase  in  the  pro¬ 
duction  of  carbon  and  its  storage  in 
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peat.  The  nature  of  the  response  will 
largely  hinge  on  the  availability  of  wa¬ 
ter.  A  wetter  tundra  might  store  ad¬ 
ditional  carbon  in  soils;  a  drier  tun¬ 
dra  might  release  it  through  the  decay 
of  organic  matter  in  long-frozen  soil 
or  soil  that  is  normally  frozen  for 
most  of  the  year.  W,  Dwight  Billings  of 
Duke  University'  believes  global  warm¬ 
ing  will  speed  the  decay  of  peat  in  tun¬ 
dra  soils  and  precipitate  that  ultimate 
breakdown  of  the  tundra  known  as 
thermal  karst  erosion,  which  allows 
flowing  water  to  erode  the  tundra  in 
great  acre-size  chunks.  Not  only  is 
the  tundra  devastated  but  also  sub¬ 
stantial  amounts  of  carbon  dioxide 
and  methane  that  were  stored  in  the 
peat  as  carbon  are  released  into  the 
atmosphere. 

The  evidence  indicates  that  under 
rapid  planetary  warming  respiration 
rates  will  increase  more  than  pho¬ 
tosynthesis  rates.  The  changes  will 
lead  to  the  release  of  additional  car¬ 
bon  dioxide  and  methane  into  the  at¬ 
mosphere.  The  magnitude  of  the  re¬ 
lease  will  hinge  strongly  on  the  rate 
of  warming:  the  faster  the  warming, 
the  larger  the  release.  Such  behavior 
is  consistent  with  (but  not  proved  by) 
the  data  from  the  Vostok  core. 

hat  will  be  the  consequences 
of  a  continued  global  warm¬ 
ing?  In  1985  a  group  of  me¬ 
teorologists  meeting  under  the  aus¬ 
pices  of  the  World  Meteorological 
Organization  (wmo)  and  the  Unit¬ 
ed  Nations  Environment  Programme 
(unep)  demonstrated  that  without  the 
respiratory  feedback  mechanisms  ad¬ 
dressed  above,  the  combined  effect  of 
the  greenhouse  gases  would  warm  the 
earth  by  an  average  of  from  1.5  to  4.5 
degrees  C  before  the  middle  of  the 
next  century.  The  conclusion  was  re¬ 
cently  confirmed  in  a  review  written 
by  more  than  50  scientists  who  met  in 
Villach,  Austria,  in  1987  and  was  pub¬ 
lished  by  the  wmo  and  the  unep. 

Seldom  has  there  been  such  a  strong 
consensus  among  scientists  on  a  ma¬ 
jor  environmental  issue.  The  warming, 
unless  consciously  checked  by  human 
effort,  will  be  rapid  and  will  be  felt 
differentially  over  the  earth.  Winter 
temperatures  in  the  middle  and  high 
latitudes  can  be  expected  to  rise  by 
more  than  twice  the  world  average.  If 
the  mean  global  temperature  were  to 
rise  by  from  two  to  three  degrees  C  by 
the  year  2030,  the  winter  temperature 
increase  in  Minneapolis  might  ap¬ 
proach  from  four  to  six  degrees  C,  or 
about  one  degree  per  decade.  Summer 
temperatures  would  also  rise,  but  less 
severely.  A  one-degree  change  in  tem¬ 


perature  is  equivalent  to  a  change  in 
latitude  of  from  100  to  150  kilome¬ 
ters.  The  prairie-forest  border,  which 
is  now  south  and  west  of  Minneapolis, 
might  be  expected  to  migrate  north  at 
a  rate  of  between  100  and  150  kilome¬ 
ters  per  decade,  or  between  400  and 
600  kilometers  by  the  year  2030. 

Such  changes  are  likely  to  be  diffi¬ 
cult  for  most  of  the  world’s  peoples. 
First,  the  changes  will  be  continuous. 
Unless  the  warming  stops,  efforts  to 
adapt  to  climatic  changes  are  likely 
to  be  responses  to  conditions  that 
no  longer  exist.  Second,  the  changes 
in  climate  will  be  irreversible  for  any 
time  of  interest  to  us  or  our  children. 
There  is  no  way  to  cool  the  earth  or 
to  lower  sea  level;  we  cannot  return 
quickly  to  an  atmosphere  with  lower 
concentrations  of  greenhouse  gases. 
The  best  we  can  do  is  to  reduce  cur¬ 
rent  emissions.  If  that  step  is  tak¬ 
en  immediately,  a  further  warming  of 
more  than  one  degree  can  be  expected 
as  the  full  effects  of  the  heat-trapping 
gases  already  present  are  felt. 


Finally,  the  effects  are  open-ended. 
Although  most  modeling  to  date  sim¬ 
ulates  a  doubling  of  the  atmospheric 
carbon  dioxide  content,  there  is  sim¬ 
ply  no  reason  to  assume  that  the  con¬ 
centrations  will  stop  at  twice  the  cur¬ 
rent  levels.  Estimated  reserves  of  re¬ 
coverable  fossil  fuels  in  themselves 
are  enough  to  increase  the  atmospher¬ 
ic  concentration  of  carbon  dioxide  by 
a  factor  of  from  five  to  10. 

Can  anything  be  done  to  slow  the 
climatic  change  that  is  now  un¬ 
der  way?  The  immediate  need  is 
to  stabilize  the  greenhouse-gas  con¬ 
tent  of  the  atmosphere.  Regardless  of 
its  source,  over  the  past  decade  car¬ 
bon  has  been  accumulating  in  the 
atmosphere  at  a  rate  of  about  three 
billion  tons  annually.  (The  remainder 
is  being  absorbed  by  the  oceans  or 
stored  in  forests  and  soils.)  If  current 
fluxes  were  reduced  by  three  billion 
tons  annually,  the  atmospheric  carbon 
dioxide  level  would  be  stabilized  for  a 
few  years.  The  stabilization  would  not 


WASHINGTON,  D.C.,  is  depicted  here  under  the  same  conditions  as  in  the  preceding 
illustration.  Washington  National  Airport  and  the  Lincoln  Memorial  are  inundated. 
The  7.6-meter  contour  reaches  almost  to  the  Capitol  steps  and  to  the  White  House. 
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be  permanent,  however.  The  rate  of 
accumulation  in  the  oceans  is  deter¬ 
mined  by  how  fast  they  can  absorb 
carbon  dioxide  from  the  atmosphere; 
this  in  turn  depends  on  the  difference 
in  carbon  dioxide  concentration  be¬ 
tween  the  atmosphere  and  the  ocean. 
As  the  flux  of  excess  carbon  is  re¬ 
duced,  the  difference  is  also  reduced 
and  the  ocean  becomes  less  capable 
of  absorbing  excess  carbon;  carbon 
dioxide  emissions  would  have  to  be 
reduced  still  further  to  prevent  addi¬ 
tional  atmospheric  accumulation. 

The  largest  source  of  carbon  dioxide 
emissions  is  the  combustion  of  fossil 
fuels,  which  releases  about  5.6  billion 
tons  of  carbon  into  the  atmosphere 
annually.  Industrial  nations  contribute 
about  75  percent  of  these  emissions; 
steps  toward  stabilizing  the  composi¬ 
tion  must  begin  in  the  industrialized 
world.  A  recent  study  carried  out  un¬ 
der  the  auspices  of  the  World  Resour¬ 
ces  Institute  and  led  by  Jose  Goldem- 
berg,  president  of  the  University  of 
Sao  Paulo  in  Brazil,  suggests  that  the 
consumption  of  energy  from  fossil 
fuels  in  the  developed  nations  could 
be  halved  by  a  program  of  conserva¬ 
tion  and  improved  efficiency  alone. 

.Although  developing  nations  pro¬ 
duce  less  carbon  dioxide,  their  contri¬ 
butions  are  growing;  if  economic  de¬ 
velopment  follows  conventional  pat¬ 
terns,  their  potential  contributions  are 
very  large.  The  second  step  toward  the 
stabilization  of  greenhouse  gases  will 
require  innovations  in  economic  de¬ 
velopment  that  lessen  dependence  on 
fossil  fuels. 

The  other  known  major  source  of 
carbon  dioxide  is  deforestation,  pre¬ 
dominantly  in  the  Tropics.  By  1980 
about  1 1,000  square  kilometers  of  for¬ 
est  were  being  cleared  annually,  with 
the  result  that  in  1980  between  .4  and 
2.5  billion  tons  of  carbon  (as  carbon 
dioxide)  were  released  into  the  atmos¬ 
phere.  The  rate  of  deforestation  has 
increased  over  the  past  decade.  If  the 
present  release  of  carbon  is  near  the 
upper  end  of  the  above  range,  halting 
deforestation  would  reduce  carbon 
emissions  by  the  three  billion  tons  per 
year  needed  immediately  to  stabilize 
atmospheric  composition. 

Reforestation  will  also  help  to  sta¬ 
bilize  the  composition  of  the  at¬ 
mosphere.  The  reforestation  of  from 
one  to  two  million  square  kilometers 
(about  the  area  of  Alaska)  will  result 
in  the  annual  storage  of  one  billion 
tons  of  carbon.  Although  this  area  is 
large  and  productive  land  in  the  Trop¬ 
ics  is  at  a  premium,  there  may  be  as 
much  as  8.5  million  square  kilometers 
of  once  forested  land  available  for 


reforestation.  Of  this  land,  about  3.5 
million  square  kilometers  could  be 
returned  to  forest  if  permanent  agri¬ 
culture  were  to  replace  shifting  culti¬ 
vation.  Another  five  million  square  kil¬ 
ometers  of  deforested  land  are  cur¬ 
rently  unused,  and  there  reforestation 
could  in  principle  be  implemented  im¬ 
mediately.  Forests  established  to  store 
carbon  would,  of  course,  have  to  be 
maintained:  neither  harvested  nor  de¬ 
stroyed  by  toxic  effects  or  change  in 
climate. 

Each  of  the  measures  to  stabil¬ 
ize  the  atmospheric  carbon  diox¬ 
ide  level  would  have  salutary  ef¬ 
fects  locally,  regionally  and  nationally, 
quite  apart  from  its  effects  on  climatic 
change.  An  improvement  in  energy- 
use  efficiency,  a  step  that  might  have 
been  taken  long  ago  with  benefits  to 
all,  would  bring  economic  and  materi¬ 
al  advantages  to  both  individuals  and 
nations.  An  improvement  in  efficiency 
would  lessen  reliance  on  fossil  fuels; 
this  in  turn  would  reduce  sulfur  and 
nitrogen  oxide  emissions,  acid  deposi¬ 
tion  and  the  release  of  other  toxins. 
Halting  deforestation  would  help  to 
maintain  the  genetic  diversity  of  the 
planet,  reduce  erosion,  stabilize  local 
and  regional  climates,  cleanse  water 
and  air  and  preserve  opportunities  for 
future  generations. 

No  one  remedy  by  itself  is  likely  to 
stabilize  the  levels  of  carbon  dioxide 
and  methane  in  the  atmosphere.  If  the 
accumulation  of  carbon  dioxide  in  the 
atmosphere  persists,  the  carbon  bur¬ 
den  will  have  shifted  from  three  bil¬ 
lion  tons  annually  to  five  billion  tons 
and  will  be  that  much  more  difficult  to 
address.  The  measures  that  are  re¬ 
quired  can  begin  at  home,  although  it 
is  clear  the  world  must  join  in  the 
effort  if  it  is  to  be  effective.  There 
are  precedents  for  international  action 
on  similar  issues.  The  Limited  Test 
Ban  Treaty  of  1962  was  an  agreement 
among  certain  nations  to  avoid  atmos¬ 
pheric  tests  of  nuclear  weapons.  It 
has  been  effective.  Nations  that  did 
not  sign  it  ( France  and  the  People’s  Re¬ 
public  of  China)  have  yielded  to  inter¬ 
national  pressure  and  now  conduct 
weapons  tests  underground.  The  Vien¬ 
na  Convention  for  the  Protection  of 
the  Ozone  Layer  and  the  Montreal  Pro¬ 
tocol,  the  latter  negotiated  in  1987, 
have  moved  the  world  far  toward  the 
elimination  of  chlorofluorocarbons. 

There  is  no  reason  to  assume  that 
similar  progress  cannot  be  made  with 
carbon-based  fuels  and  deforestation. 
With  that  end  in  view  a  series  of  steps 
has  already  been  undertaken:  50  spe¬ 
cialists  in  international  diplomacy  and 


law  met  recently  under  the  auspices  of 
the  Woods  Hole  Research  Center  to 
outline  approaches  that  might  work. 
The  greatest  problem  is  gaining  the 
active  and  effective  support  of  the 
developing  nations,  which  are  poised 
for  a  massive  increase  in  fossil-fuel 
consumption.  Development  need  not, 
however,  follow  historical  paths.  To 
cite  one  example,  the  low-latitude 
countries  stand  to  gain  immeasura¬ 
bly  as  techniques  for  exploiting  solar 
energy  are  perfected.  Solar-powered 
electrolysis  of  water  can  produce  hy¬ 
drogen,  which  in  turn  can  run  automo¬ 
biles  and  other  machinery.  There  are 
few  places  in  North  America  where 
domestic  hot  water  cannot  now  be 
produced  by  solar  energy  at  little  or 
no  cost  throughout  most  of  the  year. 
Nor  is  it  to  the  advantage  of  nations  to 
allow  their  forests  to  be  destroyed. 

Conferences  are  under  way  in  the 
developing  nations  to  explore  alterna¬ 
tives  to  the  present  course.  The  first 
was  held  in  New  Delhi  in  February; 
the  second  is  planned  for  Sao  Paulo 
in  September  under  the  leadership  of 
Goldemberg.  The  conferences  will  ex¬ 
plore  the  possible  responses  of  de¬ 
veloping  nations  to  a  world  in  which 
conventional  energy  sources  are  limit¬ 
ed.  There  are  extraordinary  opportuni¬ 
ties  for  industrial  innovations,  partic¬ 
ularly  in  energy  efficiency  and  solar 
power.  But  developing  countries  can¬ 
not  be  expected  to  shoulder  the  entire 
burden;  the  developed  nations,  which 
are  responsible  for  most  of  the  prob¬ 
lem,  must  do  their  share. 

These  issues  will  persist  throughout 
the  next  century  and  dominate  major 
technical,  scientific  and  political  con¬ 
siderations  into  the  indefinite  future. 
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ABSTRACT 

Among  the  many  problems  that  the  environ¬ 
ment  now  faces,  global  warm  ing  due  to  our 
relentless  burning  of  fossil  fuels  and  the  resul¬ 
tant  greet} house  effect  must  rank  at  the  top. 

The  basic  cause  is,  of  course,  humanity's  need 
for  energy,  and  currently  about  80  percent  of 
the  energy  we  generate  comes  from  fossil  fuels 
(coal,  petroleum,  and  natural  gas).  While  a 
general  warming  trend  may  not  be  too  serious 
by  itself  it  will  be  the  accompanying  shifts  of 
rainfall  and  snowfall  patterns,  the  gradual  rise 
of  sea  level,  the  forced  migration  of  ecological 
systems  such  as  forests,  and  so  forth,  that  will 
challenge  the  resourcefulness  and  resiliency  of 
future  generations.  If  we  could  predict  exactly 
how  these  climate  changes  will  evolve,  we  could 
be  better  prepared.  Hie  system  that  determines 
our  climate  is  very  complex,  however,  and  our 
climate  models  cannot  simulate  it  adequately, 
especially  on  a  regional  scale.  There  will  be 
many  readjustments  required  of  mankind,  and 
a  basic  imperative  must  be  the  slowing  of  the 
explosion  of  the  population  of  the  human  race. 

INTRODUCTION  TO  THE 
GREENHOUSE  EFFECT 

My  particular  interest  Tor  the  past  decade 
or  more  has  been  in  the  question  of 
whether  or  not  mankind  is  affecting  the  climate 
of  the  earth.  We  are  changing  the  climate 
because  we  are  changing  the  composition  of 
the  atmosphere,  and  this  is  in  turn  because  we 
are  putting  enormous  amounts  of  carbon  diox¬ 
ide  into  the  atmosphere  every  year  by  burning 
fossil  fuels.  The  amount  is  now  up  to  nearly  fi 
billion  tons  of  carbon  in  the  form  of  carbon  diox¬ 
ide  every  year.  The  rate  at  which  we  burn  fossil 
fuels  has  been  steadily  increasing  since  1051, 
when  the  United  Nations  started  to  obtain  good 
data  on  what  the  world  was  doing  with  its  fossil 
fuels.  From  1951  to  1973  the  carbon  dioxide 
increase  had  been  approximately  4  percent  per 
year,  which  is  exponential  growth  with  a  dou¬ 
bling  time  of  only  fifteen  years.  In  1973  the  OPEC 
oii  embargo  and  a  worldwide  recession  slowed 
the  increase  of  fossil  fuel  use  to  approximately 
2  percent  per  year,  but  that  rate  still  has  a  dou¬ 
bling  time  of  about  thirty-five  years. 

We  continue  to  increase  the  rate  of  use 
of  fossil  fuels,  and  in  the  developing  world,  it  is 
going  up  by  nearly  5  percent  per  year.  However, 
in  the  industrialized  world  it  is  generally  level¬ 
ing  off,  even  in  the  United  States.  (The  exception 
in  the  United  Slates  is  the  increasing  use  of 


automobiles  and  the  consequent  continued 
increase  in  consumption  of  gasoline.)  Some  coun¬ 
tries,  notably  Sweden  and  Germany,  are  actually 
decreasing  their  use  of  fossil  fuels.  With  this 
being  the  case  it  is  not  surprising  that  carbon 
dioxide  concentration  is  increasing  in  the  atmo¬ 
sphere,  a  fact  that  we  can  see  from  the  record 
at  the  Mauna  Loa  Observatory  (Figure  1),  the 
Point  Barrow  record,  the  American  Samoa 
record  and  the  South  Pole  station  record.  They 
all  show  the  steady  increase  in  concentration  of 
carbon  dioxide  and  of  some  other  gases  like 
methane  and  the  chlorofluorocarbons. 

The  reason  for  concern  is  that  carbon 
dioxide  is  one  of  the  greenhouse  gases.  The 
greenhouse  theory  is  an  old  theory.  .Jean- 
Baptiste  Joseph  Fourier  in  France  talked  about 
the  greenhouse  theory  at  the  turn  of  the  nine¬ 
teenth  century,  shortly  after  the  French  Revolu¬ 
tion.  He  had  an  idea  that  the  atmosphere  must 
be  like  a  giant  greenhouse,  "un  effet  de  verre,” 
he  called  it,  being  a  Frenchman,  and  since  then 
various  people  have  made  calculations  about 
how  much  of  a  warming  would  take  place  if  we 
increased  these  greenhouse  gases. 

The  greenhouse  gases  warm  the  earth 
in  the  following  manner.  The  sun  shines  down 
and  warms  the  earth’s  surface — there  is  actually 
very  little  absorption  of  sunlight  in  the  atmo- 
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FIGURE  1.  Concentration  ot  carbon  dioxide  in  the  atmosphere  from  1958  to  mid- 1 990, 
measured  at  the  Mauna  Loa  Observatory  on  the  Island  ot  Hawaii.  The  annual  changes  are 
due  to  the  respiration  ot  plants  in  the  Northern  Hemisphere.  This  set  of  measurements,  made 
by  C.D.  Keeling  of  the  Scripps  Institution  of  Oceanography,  is  the  longest  continuous  record, 
but  there  are  now  similar  records  from  Point  Barrow.  Alaska,  to  the  South  Pole.  (Source: 
IPCC,  1990). 
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sphere  if  no  clouds  are  in  the  way.  Obviously, 
the  surfac  e  does  not  become  increasingly  war¬ 
mer.  Energy  is  dissipated  as  the  surface  reradi¬ 
ates  the  heat  received  from  the  sun  but  in  a 
different  part  of  the  spectrum,  in  the  infrared 
part  of  the'  spectrum. 

Infrared  radiation  is  the  radiation  that 
can  be  felt  when  approaching  a  hot  stove.  In 
fact,  a  former  name  for  it  was  "heat  radiation," 
since  it  could  be  felt  but  not  seen.  This  infrared 
radiation  is  absorbed  by  carbon  dioxide,  by 
water  vapor,  by  methane  and  by  many  other 
trace  gases.  These  gases  are  called  “greenhouse 
gases”  because  they  block  some  of  that  infrared 
radiation  from  escaping  to  space,  thereby  acting 
like  the  glass  of  a  greenhouse.  The  more  the 
greenhouse  gases  block  the  infrared  radiation, 
the  warmer  they  keep  the  surface.  So  if  we  add 
more  of  those  infrared  absorbing  gases  to  the 
atmosphere,  it  increases  the  greenhouse  effect 
and  warms  the  world  still  more.  We  have,  in  fact, 
already  warmed  the  earth.  Since  1900,  the 
global  average  temperature,  measured  both  at 
land  stations  and  by  ships  at  sea,  has  gone  up 
by  about  0.6  degrees  centigrade.  (If  you  like 
Fahrenheit  degrees  better,  just  double  the 
numbers.) 

Six  tenths  of  a  degree  centigrade  may 
not  sound  considerable,  but  it  actually  turns  out 
to  be  quite  significant.  In  the  climate  record  that 
has  been  reconstructed  for  the  past  many  thou¬ 
sands  of  years,  there  does  not  appear  to  be  any 
other  time  when  such  a  rapid  change  occurred 
over  a  period  of  only  100  years.  When  the  earth 
came  out  of  the  last  Ice  Age  18,000  years  ago, 
there  was  a  bigger  change  (several  degrees  in 
going  from  an  Ice  Age  into  an  interglacial 
period,  such  as  we  are  in  now)  but  that  took 
many  thousands  of  years  to  occur.  Now,  in  just 
one  century,  we  are  causing  0.6  degree  centi¬ 
grade  warming.  The  decade  of  the  1980s  has 
had  six  of  the  warmest  years  on  record  and  1990 
set  still  another  new  high. 

SOME  QUESTIONS  ABOUT 
THE  THEORY 

s  you  probably  have  already  gathered,  I  am 
fairly  convinced  that  the  greenhouse  effect 
is  here,  but.  some  of  my  colleagues  are  reluctant 
to  admit  that  it  is.  They  have  various  reasons  for 
doubting  the  astonishing  idea  that  mankind  is 
warming  the  earth.  I  think  that,  even  though  sci¬ 
entists  are  supposed  to  he  open-minded  and 
objective,  there  sometimes  enters  a  sort  of 
"tribal  guilt"  on  the  part  of  some  scientists  who 
just  do  not  want  to  believe  that  mankind  can 
tamper  with  nature  to  that  extent.  They  do  not 
use  that  phrase,  “tampering  with  nature,"  but  I 
think  this  thought  may  be  in  the  back  of  their 
minds. 


The  much  more  legitimate  reason  for 
doubting  that  mankind  is  actually  warming  t In¬ 
earth  is  simply  a  product  of  the  scientific  method 
that  encourages  scientists  to  criticize  and  care¬ 
fully  analyze  any  new  idea.  Some  scientists  are 
just  not  ready  to  accept  the  idea  that  there  is 
enough  information  about  this  very  complicated 
climate  system  to  say  that  the  greenhouse  effect 
is  being  enhanced. 

As  an  advocate  of  the  greenhouse 
warming  idea,  1  have  been  collecting  intriguing 
statements,  mostly  from  the  popular  press, 
which  express  the  feeling  that  there  is  something 
wrong  with  this  proposition  that  we  are  warm¬ 
ing  the  earth  (Kellogg,  1991).  Here  are  a  few  of 
the  reasons  that  they  propose.  The  headlines  in 
the  distinguished  New  York  Times  a  couple  of 
years  ago  announced  that  a  very  reputable  cli¬ 
matologist  from  the  National  Oceanic  and  Atmo¬ 
spheric  Administration  (NOAA)  and  some  of 
his  colleagues  had  found  that,  looking  at  the 
United  States  climate  record,  there  was  no  sign 
of  any  greenhouse  warming.  No  doubt  he  knew 
what  he  was  talking  about,  but  notice  that  it 
was  simply  an  analysis  of  the  temperature  record 
of  the  stations  in  the  lower  forty-eight  states. 
The  United  States  occupies  quite  a  bit  less  than 
5  percent  of  the  area  of  the  globe,  so  what 
happens  in  the  United  States  is  not  necessarily 
going  to  apply  to  the  rest  of  the  world,  particu¬ 
larly  to  the  oceans.  What  has  actually  happened 
in  the  continental  United  States  is  that  the  west¬ 
ern  part  of  the  country  has  warmed  up  and  the 
eastern  part  has  cooled  off  slightly.  The  net 
effect  has  been  little  or  no  change  in  the  United 
States. 

Some  also  point  to  evidence  that  the 
North  Atlantic  and  North  Pacific  oceans  are  both 
cooling,  so  they  conclude  that  global  warming  is 
not  taking  place.  It  is  true  that  the  North  Atlan¬ 
tic,  and  even  more  so  the  North  Pacific,  have 
actually  become  colder  in  the  past  twenty  years. 

To  see  if  we  can  explain  this  rather 
surprising  behavior,  let  us  look  at  a  recent  experi¬ 
ment  where  the  carbon  dioxide,  or  the  green¬ 
house  effect,  was  gradually  increased  in  the 
National  (’enter  for  Atmospheric  Research 
(N('AR)  climate  model  with  a  circulating  ocean 
(Washington  and  Meehl,  1989).  Such  a  model  of 
the  earth’s  climate  system  is  a  theoretical  pro¬ 
gram  that  tries  to  take  into  account  as  many  of 
the  factors  that  govern  our  climate  as  human 
ingenuity  and  computer  speed  will  allow.  It  is 
essentially  a  set  of  mathematical  equations  that 
can  be  solved  on  a  large  computer.  In  the  case 
of  the  NCAR  model  there  was  both  a  circulating 
global  atmosphere  and  a  circulating  ocean 
underneath.  In  years  26  to  30  of  the  experiment 
(years  of  model  time),  the  following  occurred  in 
this  climate  model:  during  the  wintertime  there 
was  a  big  increase  in  temperature  over  North 
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America  and  over  Eurasia.  However,  the  North 
Atlantic  cooled,  and  the  North  Pacific  also 
cooled,  but  to  a  lesser  extent;  during  the  sum¬ 
mer  the  effect  was  less  pronounced. 

These  occurrences  can  be  explained  by 
studying  what  happened  in  the  model  and  also 
what  has  been  happening  recently  in  the  real 
atmosphere  and  ocean.  The  warm  Gulf  Stream 
was  pushed  a  bit  further  south  because  prevail¬ 
ing  winds  came  more  from  the  northwest  than 
frjmi  the  west,  and  by  the  same  token,  the  cold 
air  flowing  over  the  North  Atlantic  cooled  the 
North  Atlantic.  So  both  the  ocean  and  the  atmo¬ 
sphere  provide  an  explanation  for  the  fact  that, 
even  though  the  overall  radiation  change  was 
leading  to  a  warming,  the  net  effect  in  the  North 
Atlantic  was  a  cooling. 

These  are  just  two  examples  of  what 
some  scientists  have  been  invoking  to  try  to 
show  that  the  greenhouse  warming  idea  is 
wrong.  These  scientists  have  been  called  “the 
environmental  naysayers,”  and  in  a  recent  article 
(Kellogg,  1091)  I  discuss  these  skeptical  state¬ 
ments — statements  that  are  either  misleading  or 
just  plain  wrong,  in  my  opinion.  Naysayers 
believe  we  should  not  make  any  policy  decisions 
until  we  have  done  much  more  research.  That 
is  a  typical  response  of  politicians  who  do  not 
want  to  do  anything  about  climate  change  or 
acid  rain  or  any  other  environmental  problem. 

ATMOSPHERIC  CHANGES 
CAUSED  BY  MANKIND 

What  has  been  said  so  far  is  an  introduction 
to  the  subject  of  the  greenhouse  effect,  and 
global  warming,  and  some  of  the  things  that 
skeptics,  or  naysayers,  are  saying  to  discredit 
the  notion.  Let  us  now  turn  to  some  further 
facts  in  the  matter  to  gain  a  better  understanding 
of  what  changes  mankind  is  causing  on  Planet 
Earth. 

I  have  mentioned  that  the  concentra¬ 
tion  of  carbon  dioxide  in  the  atmosphere  is 
increasing.  According  to  the  famous  Mauna  l,oa 
Observatory  record  on  the  island  of  Hawaii,  the 
level  of  carbon  dioxide  in  the  atmosphere  has 
been  steadily  climbing  since  recordings  at  that 
site  began  in  1958  (Figure  1).  It  has  increased  by 
nearly  30  percent  since  the  start  of  the  Indus¬ 
trial  Revolution  and  the  beginning  of  extensive 
burning  of  fossil  fuels.  It  is  currently  rising  by 
about  0.5  percent  per  year. 

The  concentration  of  methane,  another 
infrared  absorbing  gas,  is  rising  at  about  1  per¬ 
cent  per  year.  This  increase  does  not  come  from 
fossil  fuel  burning,  but  is  due  to  agriculture  and 
other  kinds  of  human  activities  like  pipeline 
leaks  and  landfills. 

The  chlorofluoroearbons  ((’EC's), 
which  are  most,  notable  because  of  their  effect 


on  the  ozone  layer,  are  increasing  3  or  4  percent 
per  year,  in  spite  of  the  fact  that  the  United 
States  and  most  of  the  industrialized  countries 
have  banned  chlorofluoroearbons  in  spray 
cans.  They  are  still  being  used  in  refrigerators 
and  air  conditioners,  however,  and  less  devel¬ 
oped  countries,  including  China  and  India,  are 
still  using  chlorofluoroearbons  in  spray  cans. 
The  CFCs  are  extremely  effective  greenhouse 
gases.  Table  1  summarizes  the  main  facts  about 
the  greenhouse  gases  that  have  been  mentioned 
and  some  other  trace  gases  that  also  contribute 
to  the  anthropogenic  global  warming.  Much 
more  information  about  these  gases  and  their 
sources  and  sinks  can  be  found  in  the  report  of 
the  International  Panel  on  Climate  Change 
(IPCC,  1990). 


TABLE  1.  The  greenhouse  gases. 


Relative 
Contribution  to 
Anthropogenic 
Greenhouse 
Effect  Now  (%) 

Approximate  Annual 
Lifetime  in  Rate  of 
Atmosphere  Increase 
(yrs)  (%) 

Carbon  Dioxide 

C0j 

60 

50-200 

0.5 

Methane 

CH, 

15 

10 

0.9 

Chlorofluoroearbons 

CFCs 

12 

60-100 

4 

Nitrous  Oxide 

N?0 

5 

150 

0.3 

Tropospheric  Ozone 
03 

8 

weeks 

0.5-2  0 

IS  PAST  GLOBAL  WARMING 
SIGNIFICANT? 

he  greenhouse  theory  has  already  been 
explained,  and  it  predicts  that  an  increase 
in  the  greenhouse  gas  concentration  should 
cause  global  warming.  Indeed  it  has,  but  there  is 
some  question  about  how  significant  the  0.0 
degree  centigrade  rise  in  temperature  really  is. 
Could  it  be  due  to  just  chance,  to  some  combi¬ 
nation  of  random  temperature  fluctuations? 

If  you  use  a  statistical  signal  to  noise 
argument,  the  "signal”  that  we  have  seen  is  the 
0.6  degrees  centigrade;  the  “noise"  is  a  measure 
of  the  random  fluctuations,  and  if  is  0.2  degrees 
centigrade.  Therefore,  there  is  what  the  commu¬ 
nications  people  call  a  “signal-to-noise  ratio  of 
3."  Applying  a  short  statistical  test,  we  then  sav 
that  the  probability  of  that  signal  being  real,  and 
not  just  an  artificial  product  of  the  noise,  is  more 
than  9!)  percent.  In  other  words,  there  is  a  99 
percent  probability  that  the  signal  is  real  and  not 
just  a  product  of  the  noise. 

Dr.  .James  Hansen,  the  director  of  the 


MTS  Jininml  •  Vnl  2~>.  \'n  .!  •  7 


NASA  Goddard  Institute  for  Spac  e  Studies  in 
New  York  was  testifying  before  Congress  in  flee 
fall  of  1988,  and  the  Senators  and  Congressmen 
were  asking  him  whether  he  believed  that  cli¬ 
mate  change  was  taking  place.  He  is  para¬ 
phrased  as  having  said,  “Yes,  I  think  that,  with 
about  a  99  percent  probability,  the  climate 
warming  is  occurring.”  He  may  have  been  draw¬ 
ing  on  a  report  of  the  World  Meteorological 
Organization  made  several  years  earlier  (WMO, 
1982),  where  that  same  argument  was  being 
used.  By  the  way,  many  skeptics  criticized  Han¬ 
sen  for  declaring  that  global  warming  had  a  99 
percent  probability  of  already  having  taken  place 
(but  I  agree  with  him). 

Let  us  hasten  to  add,  however,  that  the 
climate  change  theory  still  has  some  substantial 
unknowns.  For  example,  it  cannot  take  into 
account  changes  in  solar  input;  we  know  our  sun 
is  a  slightly  variable  star.  It  cannot  take  into 
account  changes  in  the  ocean  circulations;  the 
more  oceanographers  look  into  this  question, 
the  more  they  realize  that  the  ocean  has 
recently  had  some  relatively  big  changes  in  its 
circulation,  all  of  which  can  affect  the  year-to- 
year  temperature  of  the  globe  (this  will  be  dis¬ 
cussed  in  greater  detail  below).  Furthermore, 
scientists  are  not  satisfied  that  they  are  taking 
cloudiness  into  account  properly  in  theoretical 
climate  models.  So  it  really  should  not  surprise 
us  that  such  a  complicated  system  does  not 
follow  a  simple,  smooth  increase  due  to  the 
greenhouse  effect.  The  point  is  that  there  are 
surely  many  other  happenings  that  we  cannot 
take  fully  into  account. 

To  pursue  that  matter  a  bit  further,  we 
can  be  quite  sure  that  there  will  be  surprises  in 
store  for  the  world.  There  are  dramatic  and  sud¬ 
den  changes  in  the  past,  climate  record  that  can 
be  only  partially  explained,  and  those  explana¬ 
tions  almost  invariably  involve  the  oceans  and 
their  circulations.  I  have  already  mentioned  the 
curious  fact  that,  while  most  of  the  world  has 
been  warming,  in  the  past  two  decades  or  more 
the  surface  waters  of  the  North  Atlantic  and  the 
North  Pacific  have  been  getting  cooler  as  a  result 
of  circulation  changes. 

Oceanographers  have  been  fascinated 
by  a  conjecture  concerning  the  exchanges  of 
surface  water  with  the  cold  deep  water.  Henry 
Stommel  many  years  ago  described  a  three- 
dimensional  ocean  circulation  pattern  that  has 
since  been  termed  “the  conveyor  belt,”  since  it 
accounts  for  the  centuries-long  transport  of 
water  horizontally  between  the  oceans  and  ver¬ 
tically  between  the  surface  and  the  depths.  Con¬ 
centrating  on  just  one  part,  of  the  global  oceanic 
conveyor  belt,  a  major  downwelling  or  sinking 
of  surface  water  is  thought  to  occur  in  winter 
north  of  Iceland  in  the  Greenland  Sea.  This 
downwelling  takes  place  as  relatively  saline  Gulf 


Stream  surface  wafer  is  cooled  and  becomes 
more  dense  than  the  underlying  water,  and  the 
result  is  convective  overturning.  Actually,  this 
is  not  a  conjecture  any  more  since  the  tritium 
and  other  radioactive  elements  from  the 
nuclear  tests  of  the  late  1950s  and  early  1900s 
have  been  observed  to  be  slowly  working  their 
way  southward  in  the  depths  of  the  North  Atlan¬ 
tic,  following  more  or  less  the  path  outlined  by 
Stommel  (Baes  et  al.,  1985). 

The  aspect  of  this  exchange  that  is 
most  pertinent  to  the  question  of  the  green¬ 
house  warming  is  that  it  is  presumably  this 
downwelling  of  surface  water  that  transports 
some  carbon  dioxide-rich  water  downward, 
which  allows  the  ocean  to  take  up  more  of  the 
added  carbon  dioxide  from  the  atmosphere. 
(For  the  past  three  decades  or  more  a  little  less 
than  half  of  the  annual  addition  of  fossil  fuel- 
produced  carbon  dioxide  has  been  removed 
from  the  atmosphere  by  the  oceans.)  After  all,  the 
deep  ocean,  which  stores  at  least  sixty  times 
more  carbon  dioxide  than  the  atmosphere, 
must  be  the  ultimate  sink  for  the  carbon  dioxide 
produced  by  mankind. 

Returning  to  the  question  of  surprises, 
it  has  been  suggested  by  several  oceanogra¬ 
phers  that  warming  of  the  Arctic  Ocean  could 
result  in  more  low-salinity  water  flowing  north¬ 
ward  into  the  Greenland  Sea,  and  this  stream  of 
less  dense  water  would  inhibit  the  more  saline 
Gulf  Stream  water  from  flowing  southward  into 
the  Greenland  Sea.  The  result,  if  this  did  hap¬ 
pen,  would  be  something  like  the  following:  The 
region  where  the  downwelling  has  taken  place 
in  the  past  would  be  covered  by  less  dense  sur¬ 
face  water.  Therefore,  the  ocean  would  be  sta¬ 
bly  stratified  and  there  would  be  less  overturning 
and  downwelling  in  winter.  This  would  cause  a 
slowing  of  the  conveyor  belt  circulation,  and 
slower  removal  of  the  added  industrial  carbon 
dioxide  from  the  atmosphere.  This  is  known  as 
a  "positive  feedback"  since  the  greenhouse 
warming  would  result  in  more  carbon  dioxide 
remaining  in  the  atmosphere,  and  hence,  an 
even  stronger  greenhouse  effect. 

Again,  this  is  not  just,  conjecture  about 
the  future.  Observations  of  the  composition  of 
bottom  water  in  the  Greenland  Sea  strongly  sug¬ 
gest.  that  the  formation  of  new  Greenland  Sea 
deep  water  has  slowed  appreciably  in  the  past 
decade  (Schlosser  et  al.,  1991).  The  above  could 
provide  at  least,  part  of  the  explanation  for  this 
remarkable  but  little  noticed  change  in  the 
ocean.  It  might  also  partly  explain  why  there  has 
been  a  more  rapid  increase  in  the  atmospheric 
concentration  of  carbon  dioxide  in  the  past  sev¬ 
eral  years,  jumping  from  a  long-term  rate  of 
increase  of  about  0  3  percent  per  year  to  about 
0.5  percent  per  year  (Keeling,  private  communi¬ 
cation). 


t 


•  MTS  Journal  •  Vol.  2S,  Nn.  I 


THOUGHTS  ABOUT  THE  FUTURE 

If  I  won*  to  make  a  guess  about  the  future,  I 
would  say  that  by  the  middle  of  the  next  cen¬ 
tury  we  may  have  a  doubling  of  the  greenhouse 
gas  concentration  over  its  level  in  the  mid- 
nineteenth  century.  As  a  result,  the  global  warm¬ 
ing  models  project  a  two  to  five  degree  centi¬ 
grade  global  average  temperature  rise  and  two 
or  three  times  more  than  that  in  the  Arctic. 
These  projections  are  shown  in  the  far  right  of 
Figure  2.  The  shaded  area  indicates  what  1  think 
will  be  the  change  in  the  temperature.  The  high 
scenario  depends  on  whether  we  continue  to 
bum  fossil  fuel  at  an  increase  of  2  percent  per 
year,  and  the  low  scenario  assumes  that  the 
world  takes  effective  actions  to  limit  it.  These 
numbers  are  close  to  those  adopted  recently  by 
the  Intergovernmental  Panel  on  Climate  Change 
(IPCC,  1990). 

This  is  not  just  a  problem  in  geophysics. 
It  is  also  a  problem  in  economics  and  political 
science  (Kellogg  and  Schware,  1982).  It  is  indeed 
difficult  to  forecast  what  mankind  wiil  decide 
to  do,  and  those  actions  will  depend  on  the  devel¬ 
opment  of  new  technologies,  such  as  more 
efficient  use  of  energy,  adoption  of  new  nuclear 
generators,  and  a  slowing  of  the  present  growth 
of  the  world  population. 

What  does  a  global  warming  mean  in 
human  terms?  It  means  many  different  things,  of 
course.  Consider  Figure  3,  where  the  shaded 
area  on  the  map  shows  where  the  average  tem¬ 
perature  is  between  2  degrees  centigrade  and  18 
degrees  centigrade,  with  an  average  of  about  10 
degrees  centigrade.  Ceographers  and  anthropol¬ 
ogists  call  this  area  “the  comfort  zone.”  When 
I  first  heard  that  expression  I  found  it  amusing, 
because  people  who  live  in  the  comfort  zone 
often  choose  to  vacation  in  the  tropics  if  they 
can  afford  it.  The  comfort  zone  is  where  most 
of  the  wealthy  and  industrialized  countries  are 
located,  and  in  between  the  two  shaded  areas 
is  the  great  area  of  the  tropics  where  most  of  the 
poor  countries  exist,  and  where  there  are  prob¬ 
lems  with  tropical  diseases  and  famine.  Presum¬ 
ably  this  comfort,  zone  would  migrate  poleward 
as  the  world  warms. 

However,  even  more  important  than 
temperature  changes  will  be  moisture  changes. 
Rainfall  has  been  changing  in  the  past  couple  of 
decades  at.  the  same  time  the  temperature  has 
been  changing,  which  is  not  surprising.  If  we 
look  at  the  subtropics  in  the  Northern  Hemi¬ 
sphere  (between  5  and  35  degrees  north  lati¬ 
tude),  the  annual  rainfall  has  been  decreasing 
since  about  1955,  but  in  the  more  northern  part 
of  the  Northern  Hemisphere  (35  to  70  degrees 
north),  it  has  been  increasing.  Thus,  while  the 
higher  latitudes  have  become  wetter,  the  equa¬ 
torial  zone  has  become  drier. 


FIGURE  2.  Past  and  future  globally  averaged  temperature  and  estimated  polar  regions 
temperature.  The  dashed  line  indicates  the  temperature  record  that  might  have  taken  place 
if  there  had  not  been  any  greenhouse  warming.  The  vertical  bars  indicate  the  range  between 
a  “high''  and  a  "low’’  scenario  of  fossil  fuel  use.  This  temperature  scenario  assumes  that 
doubling  of  the  greenhouse  gases  will  occur  about  2050  A  D  lor  the  dotted  “estimated 
temperature"  curve,  but  it  could  be  later  or  earlier  depending  largely  on  the  rate  of  fossil 
luel  use. 
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FIGURE  3.  The  so-called  "comfort  zones”  (shaded  areas),  where  the  mean  annual  temperature 
lies  between  2T  and  18"C.  This  is  where  the  maximum  demand  for  space  heating  occurs 
It  is  also  the  part  of  the  world  where  most  of  the  industrialized  nations  lie.  (Source:  McKay 
and  Allsopp,  1980). 
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Our  model  experiments  show  that  cen¬ 
tral  North  America  may  expect  a  (Irving  out  in 
the  summer,  and  the  same  may  be  true  in  central 
Eurasia  (Figure  4).  A  midwest  farmer  does  not 
need  to  be  convinced  of  that  idea;  he  knows  that 
a  warm  summer  is  likely  to  be  a  dry  summer. 

The  same  thing  may  not  necessarily  be 
true  in  the  winter.  Our  climate  models  show 
that,  if  anything,  the  winters  in  most  of  North 
America  will  be  wetter.  That,  is  reassuring, 
because  it  suggests  that  the  farmers  in  the  mid- 
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west  can  switch  from  corn,  which  takes  a  lot  of 
water  in  the  summer,  to  winter  wheat,  for  exam¬ 
ple.  That  is  one  of  the  ways  these  farmers  may 
be  able  to  adapt  to  the  climate  change. 

It  is  interesting  to  note  that  the  subtrop¬ 
ics  may  become  wetter  according  to  the  mod¬ 
els,  hut  in  the  past  several  decades,  as  I  men¬ 
tioned,  the  subtropics  in  the  Northern  Hemi¬ 
sphere  have  actually  been  getting  drier.  Does 
this  suggest,  perhaps,  that  the  tropical  drying 
trend  is  going  to  stop  and  rainfall  will  go  back 
up  again?  It  is  too  soon  to  make  any  prediction, 
but  we  can  hope  that  this  will  happen  for  the 
sake  of  those  in  famine-prone  North  Africa  and 
northeast  Brazil. 

We  are  now  in  a  period  when  climate 
models  are  far  from  representing  the  real  cli¬ 
mate  system,  although  they  are  the  best  tools 
available  for  forecasting  the  future.  The  impor¬ 
tant  point  to  keep  in  mind  is  that  we  have  to  take 
the  model  forecasts  with  caution.  Also,  while 
they  are  fairly  capable  of  depicting  the  global 
scale,  they  are  not  at  all  reliable  in  showing 
regional  climate  changes. 


FIGURE  4.  Example  of  a  scenario  of  possible  soil  moisture  changes  on  a  warmer  Earth.  It  is 
based  on  paleoclimate  reconstructions  of  the  Altithermal  Period  (4,500  to  8,000  years  ago), 
comparisons  of  recent  warm  and  cold  years  in  the  Northern  Hemisphere,  and  several  climate 
model  experiments.  Where  there  is  agreement  between  two  or  more  of  these  approaches  on 
the  direction  of  the  change,  the  area  of  agreement  is  indicated  with  a  label  surrounded  by  a 
dashed  line.  (Source:  Kellogg  and  Schware,  1982). 


FIGURE  5.  A  decision  tree  showing  the  range  of  choices  that  could  in  principle  be  made  in 
order  lo  cope  with  climate  change.  The  actions  on  the  left  would  presumably  have  to  be 
taken  on  a  worldwide  basis  to  be  effective  (see  text),  but  those  on  the  right  can  be  taken  at 
any  level  of  society 
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POSSIBLE  ACTIONS  TO  TAKE 

Let  us  now  turn  to  the  question  of  what  to 
do  about  the  situation.  There  are  several 
courses  of  action,  as  shown  in  Figure  5,  that 
can  be  taken.  Assuming  that  there  is  going  to  be 
a  serious  global  warming,  the  world  could  take 
action  and  prevent  the  environmental  change. 
To  do  this  we  would  have  to  cut  out  or  at  least 
greatly  reduce  fossil  fuel  burning.  Obviously,  we 
are  not  going  to  eliminate  fossil  fuel  burning 
right  away.  The  industrialized  world  could  not 
possibly  do  that,  although  several  countries  are 
now  urging  the  rest  of  the  world  to  agree  to  at 
least  limiting  the  use  of  fossil  fuels.  That  would 
presumably  require  some  governmental  action. 
Germany,  Sweden,  France,  Italy,  Holland,  and 
even  England  and  .Japan  are  urging  that  we  cut 
back  on  the  use  of  fossil  fuels  by  being  more 
efficient.  They  have  good  reason  to  think  that 
being  more  efficient  would  actually  be  econom¬ 
ically  sensible.  Being  more  efficient  would  not 
be  a  hardship  in  the  long  run,  they  argue.  For 
example,  if  the  United  States  imposed  a  dollar  a 
gallon  tax  on  U.S.  gasoline  sales,  some  people 
would  say  that  was  a  hardship.  But  it  might  cut 
back  enough  on  driving  so  that  we  would  not 
have  to  import  oil  from  the  Middle  East,  which 
would  be  to  our  advantage.  That  is  the  kind  of 
tradeoff  that  is  involved  when  one  begins  to 
think  about  the  longer  term  future. 

While  a  “muddling  through”  is  probably 
the  most  likely  course  (as  shown  at  the  right  of 
Figure  5),  a  better  course  is  to  accept  the  notion 
that  climate  change  is  more  or  less  inevitable 
and  then  to  prepare  for  it.  My  colleague  Stephen 
Schneider  called  it  the  “Genesis  Strategy," 
based  on  the  story  of  Joseph  in  Egypt 
(Schneider,  IU7f>).  You  will  remember  that  the 
Old  Testament  credits  Joseph  with  making  the 
first  accurate  climate  forecast,  and  he  persuaded 
the  Pharaoh  to  store  the  wheat  of  Egypt  during 
the  plentiful  years  so  that  they  had  some  during 
the  following  seven  years  of  famine.  The  Gene¬ 
sis  Strategy  makes  good  sense  for  a  number  of 
reasons. 

Here  are  some  of  the  measures  that 
might  be  taken  to  increase  our  ability  to  get 
through  a  climate  change  (Kellogg  and  Schware, 
1082).  We  might  protect  arable  soil,  improve 
water  management,  and  apply  agro-technologv, 
that  is,  develop  other  strains  of  crops  and  trees 
that  will  grow  in  the  new  climate.  We  could 
improve  coastal  land-use  policies,  recognizing 
that  sea  level  is  likely  to  rise.  The  last  blue  ribbon 
committee  report  considering  sea  level  fore¬ 
casted  that  it  could  rise  about  a  third  of  a  meter 
by  the  middle  of  the  next  century  (IPCC,  1  DfK)). 
That  is  enough  to  cause  some  trouble  along  sea- 
coasts  everywhere. 
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Then,  of  course,  to  slow  the  climate 
change,  energy  conservation  should  he  a  number 
one  priority  since  this  would  reduce  the  con¬ 
sumption  of  fossil  fuels  and  the  release  of  car¬ 
bon  dioxide.  Part  of  any  energy  conservation 
strategy  would  be  to  develop  renewable 
resources,  these  being  various  forms  of  solar 
energy,  hydropower,  geothermal,  and  (yes) 
nuclear  electricity  generators. 

Under  the  Reagan  administration,  our 
jederal  investment  in  solar  energy  and  other 
renewable  energy  resources  almost  came  to  a 
halt,  although  now  there  is  some  federal  money 
going  back  into  it.  The  argument  was  that  if  solar 
energy  is  such  a  good  thing,  then  industry 
should  sponsor  the  research  and  development 
involved.  Actually,  industry  did  this  to  some 
extent.  For  example,  the  efficiency  of  the  thin 
photovoltaic  films  that  convert  solar  energy 
directly  to  electricity  has  increased  by  about  a 
factor  of  ten  in  the  last  ten  years,  and  they  have 
become  cheaper,  too.  I  think  that  in  the  next 
decade,  electrical  energy  will  be  generated  from 
the  sun  competitively  with  fossil  fuels,  and  this 
will  be  a  big  step  forward. 

So  that  is  where  we  stand,  with  the 
European  countries  and  Japan  wanting  to  agree 
to  slow  the  use  of  fossil  fuels,  the  United  States, 
China,  Russia,  India,  and  most  of  the  Third 
World  countries  not  willing  to  agree.  In  19.92 
there  will  be  a  major  United  Nations  sponsored 
international  meeting  in  Rio  de  Janeiro  on  the 
environment  and  development,  and  we  will  see 
then  if  the  beginning  of  an  international  agree¬ 
ment  or  protocol  can  be  adopted  that  would 
effectively  slow  the  worldwide  use  of  fossil  fuels. 

One  cannot  leave  this  enormously 
important  and  complex  subject  without  empha¬ 
sizing  that  the  basic  worldwide  environmental 
problem  is  too  many  people.  The  human  popu¬ 
lation  of  the  planet  is  still  increasing  at  several 
percent  per  year,  with  the  greatest  growth  being 
in  many  of  the  poor  countries  of  the  Third  World 
that  cannot  feed  and  clothe  their  people  now. 
The  pressure  of  human  activities  on  the  global 
environment  cannot  be  relieved  if  the  popula¬ 
tion  continues  to  soar  upward.  That  is  surely  our 
major  challenge,  now  and  in  the  years  ahead. 
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The  Greenhouse  Effect  has  caught  the 
imagination  of  the  general  populace 
in  the  last  decade.  What's  more,  the 
respected,  generally  conservative 
scientific  establishment  has  become 
associated  with  relatively  dire 
predictions  of  future  climate  changes 
the  Greenhouse  Effect  may  cause. 

But  how  much  do  we  actually  know 
about  the  Greenhouse  Effect?  Gan  we 
really  establish  how  much  the  climate 
will  change,  and  when?  Perhaps  by 
separating  the  "hard”  science — that 
which  can  be  verified  and  is  considered 
well-understood — from  scientific  theory 
or  estimates,  we  can  investigate  the 
likelihood  of  near-term  climate  changes 
that  have  been  projected.  The  series  of 
questions  which  follow  will  help  us 
explore  what  we  currently  know,  or 
think  we  know,  about  the  Greenhouse 
Effect. 

Question:  Do  we  really  understand  the 
“Greenhouse  Effect"? 

The  "Greenhouse  Effect”  is  the  name  for 
the  physical  process  whereby  energy 
from  the  sun  passes  through  the 
atmosphere  relatively  freely,  while  heat 
radiating  from  the  earth  is  partially 
blocked  or  absorbed  by  particular  gases 
in  the  atmosphere.  Because  the  sun  is 
warmer  than  the  earth,  its  energy  is 
radiated  at  a  higher  frequency  which  is 
not  absorbed  well  by  gases  such  as 
carbon  dioxide  (C02)  or  water  vapor  In 
contrast,  these  triatomic  gases  (gases 
with  three  atoms  per  molecule)  are 
effective  absorbers  of  the 
lower-frequency  energy  radiated  by  the 
earth.  Since  the  gases  responsible  for 
this  selective  absorption  make  up  only 
about  one  percent  of  the  atmosphere, 
they  are  known  as  "trace”  gases.  In 
general,  we  can  calculate  very 
accurately  the  energy  absorbed  by 
different  gases,  although  there  are  some 
uncertainties,  and  when  the 
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concentration  of  a  gas  changes,  we 
know  how  much  more  energy  is  being 
absorbed.  This  additional  absorption  by 
itself  warms  the  planet:  for  example, 
doubling  the  concentration  of  C02  in 
the  atmosphere  would  eventually  lead 
to  a  global  air  temperature  increase  of 
1.2°  Centigrade  (C) — about  2.2° 

Fahrenheit  (F) — if  there  were  no  other 
changes  in  the  climate  system. 

However,  what  we  do  not  know  is 
exactly  how  the  rest  of  the  system  will 
react.  The  current  numerical  computer 
models  of  the  earth’s  climate  predict 
that  the  warming  due  to  the  increase  in 
C02  will  lead  to  more  evaporation  of 
water  vapor  from  the  ocean.  Water 
vapor  itself  is  a  “greenhouse"  gas,  so  as 
its  concentration  increases  in  the 
atmosphere,  the  planet  will  warm  even 
further.  With  rising  temperatures  there 
will  be  less  snow  and  ice  to  reflect  energy 
from  the  sun  back  to  space  (snow  and 
ice  are  very  good  reflectors).  This 
promotes  further  warming  because  more 
of  the  sun’s  heat  is  retained  in  the  earth. 

These  are  examples  of  "positive 
feedbacks”  in  which  the  system 
responds  to  a  warming  climate  with 
changes  which  amplify  the  warming 
even  further.  Both  of  these  system 
responses  are  very  likely  to  occur, 
although  we  cannot  be  sure  of  the 
magnitude  of  the  changes.  The  models 
also  predict  cloud  cover  changes  that 
will  provide  even  more  warming,  but 
clouds  are  not  modeled  in  a  very 
sophisticated  way  because  they  are  not 
well  understood.  Thus,  the  likely 
impact  of  cloud  cover  changes  is  quite 
uncertain. 

The  net  result  of  these  different 
processes  in  the  various  models  is  the 
tripling  of  the  warming  caused  by  the 
doubled  C02  levels  alone,  producing  a 
total  warming  of  about  4n  C  (or  7°  F)  for 
the  global,  annual  average.  Yet  it  is  only 
the  initial  Greenhouse  Effect  due  to 
increased  C02  or  increases  in  other  trace 
gases,  which  we  know  with  great 
confidence. 


Question:  Can  we  use  the  temperatures 
on  other  planets  to  determine  what  the 
climate  system  feedback  will  be  on 
earth? 

The  atmospheres  of  nearby  planets 
validate  the  general  concept  of  the 
greenhouse  theory,  especially  in  a 
qualitative  sense,  but  they  cannot  tell  us 
what  the  magnitude  of  the  changes  on 
earth  will  be.  Venus,  with  its  massive 
atmosphere  composed  essentially  of 
C02,  has  a  surface  air  temperature  close 
to  500°  warmer  than  would  be  expected 
without  a  Greenhouse  Effect.  Mars,  with 
a  very  thin  atmosphere  and  thus  little 
atmospheric  capacity  to  absorb 
radiation,  has  an  observed  temperature 
close  to  the  expected.  The  earth,  with 
intermediate  amounts  of  greenhouse 
gases  in  its  atmosphere,  is  about  30°  C 
(54°  F)  warmer  than  it  would  be 
otherwise.  The  differences  among  the 
planets  are  very  large,  and  cannot  really 
be  used  to  estimate  sensitivity  to 
relatively  small  changes  in  greenhouse 
gas  levels.  Furthermore,  as  noted  above, 
the  big  uncertainty  lies  in  the 
magnitude  of  the  climate  system 
response  (or  feedbacks).  Tbe  most 
important  feedbacks  involve  the 
reaction  or  processes  related  to  water, 
and  the  other  planets  have  no 
free-standing  water. 

Are  greenhouse  gases  increasing? 

Since  the  establishment  of  an 
atmospheric  monitoring  system  in  1958, 
we  have  observed  the  concentration  of 
C02  growing  systematically.  During  the 
past  28  years,  C02  values  in  our 
atmosphere  have  increased  from  315 
parts  per  million  (ppm)  to  350  ppm. 
These  values  are  especially  significant 
since  air  bubbles  trapped  within  the  ice 
in  Greenland  and  Antarctica  have  been 
used  to  measure  what  C02 
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Carbon  dioxide  and  other  gases  absorb  infrared 
radiation  in  the  troposphere  and  warm  the  earth. 


concentrations  were  like  over  the  past 
several  hundred  thousand  years.  During 
that  time,  up  to  just  prior  to  the 
industrial  revolution,  C02  levels  had  not 
exceeded  280  ppm  (and  thus  were  well 
below  current  values).  The  rising  C02 
concentrations  are  believed  to  be 
associated  with  the  widespread  use  of 
fossil  fuels  such  as  gas  and  oil  and  by 
the  denuding  of  the  world’s  tropical  and 
other  forests,  a  process  which  lowers 
the  earth’s  ability  to  use  trees  as  a  C02 
absorbent. 

Chlorofluorocarbons  (CFCs),  better 
known  for  their  impact  on  atmospheric 
ozone  levels,  are  artificially  generated 
gases  that  also  have  the  capacity  to 
contribute  to  the  Greenhouse  Effect,  and 
which  are  known  to  be  increasing.  They 
have  no  natural  sources  and  probably 
did  not  exist  in  the  atmosphere  prior  to 
the  last  few  decades.  Recent 
measurements  indicate  that  other 
contributing  greenhouse  gases,  such  as 
methane  and  nitrous  oxide,  are  also 
increasing;  however,  since  we  are  not 
sure  of  the  reason  for  their  increase,  we 
have  less  confidence  in  their  long-term 
trends. 

Question:  Is  the  temperature  record  of 
the  past  century  consistent  with  the 
increase  of  gases  which  contribute  to 
the  Greenhouse  Effect? 

It  is  estimated  that  the  average  surface 
air  temperature  has  increased  globally 
by  about  0.6°  C  (or  1°  F)  in  the  past 
century,  but  there  is  some  uncertainty 
as  to  how  accurately  the  change  can  be 
estimated  because  there  were  far  fewer 
temperature  recording  stations  100  years 
ago.  Large  portions  of  the  globe  were 
poorly  sampled,  especially  in  the 
Southern  Hemisphere.  Even  today,  full 
global  coverage  is  not  available. 

The  record,  such  as  it  is,  does  not 
indicate  a  continuous  worldwide 
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warming.  There  was  apparently  a 
cooling  period  in  the  Northern 
Hemisphere  from  the  1940s  into  the 
early  1970s.  This  is  inconsistent  with 
the  concept  of  greenhouse  warming, 
jbut  it  may  be  due  to  other  climate 
disturbances  such  as  variations  in  the 
solar  energy  constant,  or  a  change  in  the 
amount  of  volcanic  discharge  into  the 
atmosphere,  or  it  may  simply  represent 
internal  variability  within  the  system. 

The  overall  warming  for  the  past 
century  is  the  right  order  of  magnitude 
for  the  expected  Greenhouse  Effect. 
However,  given  the  uncertainties  about 
the  actual  temperature  change,  the 
climate  feedback  factor,  the  actual 
amount  of  C02  in  the  atmosphere  in 
1880,  and  the  rate  at  which  oceans 
absorb  heat  (which  slows  down  the 
atmospheric  warming),  we  cannot  be 
more  precise  in  determining  what  the 
expected  warming  would  have  been. 
Similarly,  we  cannot  use  the  record  to 
establish  what  the  climate-feedback 
factor  really  is. 

Despite  these  qualifications,  one 
aspect  of  the  temperature  record  clearly 
stands  out:  during  the  past  century,  the 
four  warmest  years,  globally,  were  all 
during  the  1980s;  this  does  not  include 
1988,  which  appears  as  if  it  will  be  the 
warmest  year  of  all.  This  has  occurred 
despite  the  eruption  of  the  El  Chicon 
volcano,  putting  additional  dust  into  the 
air,  and  a  decrease  in  the  sun’s  energy 
output,  both  of  which  should  have  had 
a  cooling  effect.  While  modern 
temperature  records  may  be 
contaminated  to  some  extent  by  heat 
island  effects  which  create  warm  areas 
in  cities,  the  rapid  rise  of  temperature 
during  the  1980s  is  consistent  with 
computer  model  projections.  This 
suggests  that  the  anticipated  Greenhouse 
Effect  changes  may  actually  be 
appearing  at  this  time. 


Question:  Are  current  computer  models 
adequate  to  allow  us  to  forecast  climate 
change? 

Numerical  models  (called  general 
circulation  models)  which  simulate  the 
known  workings  of  the  earth's  climate 
system  are  used  to  calculate  its  response 
to  increases  in  trace  gases.  The  four 
models  in  current  use  all  estimate  that 
the  doubled  C02  climate  will  have  a 
global  average  temperature  some  4°  C 
(7°  F)  warmer  than  today.  They  are  thus 
all  calculating  similar  climate  feedback 
factors.  However,  even  though  many 
climate  processes  are  handled  similarly 
in  the  different  models,  their  unanimity 
does  not  guarantee  accuracy.  For 
example,  the  treatment  of  cloud  cover  in 
all  the  models  represents  a  major 
uncertainty.  The  models  also  differ  to 
some  extent  as  to  the  seasonal  and 
latitudinal  distributions  of  the 
calculated  warming.  It  is  thought 
unlikely  that  the  models  could  be  wrong 
by  more  than  a  factor  of  two,  but  this 
cannot  be  proven. 

In  addition,  a  climate  change  forecast 
should  indicate  when  the  warming 
would  be  expected  to  be  evident,  but 
only  one  model,  the  Goddard  Institute 
of  Space  Studies  (GISS)  model,  has  been 
used  to  calculate  the  temperature 
increase  over  the  next  50  years  in 
response  to  a  gradual  change  in 
greenhouse  gas  concentrations.  Its 
results  indicate  substantial  warming  in 
the  next  decade.  This  calculation  is 
affected  to  some  extent  by  uncertainties 
in  how  much  heat  the  oceans  will 
absorb  and  the  true  climate  feedback 
factor.  Nonetheless,  by  providing  an 
estimate  of  how  much  warming  should 
be  observed  in  the  relatively  near  future, 
the  model  does  give  us  a  chance  to  test 
the  accuracy  of  its  projections. 


Question:  How  "dire”  is  the  forecast  of 
coming  climate  change? 

It  is  estimated  that  the  ice  age  climate 
was  some  4°  C  colder  than  today’s.  At 
that  time  (some  18,000  years  ago),  ice 
covered  the  area  now  occupied  by  New 
York  City.  Considering  that  the  doubled 
C02  climate  is  estimated  to  be  warmer 
to  the  same  degree  that  the  ice  ages 
were  cooler,  large  changes  in  the 
climate  system  may  well  be  expected  if 
this  comes  to  pass.  The  GISS  model's 
forecast  for  the  next  50  years  gives 
changes  of  2°  C  (3.6°  F)  by  the  year  2020, 
which  would  make  the  earth  warmer 
than  it  is  thought  to  have  been  at  any 
point  in  historical  time.  Estimates  for 
summer  temperatures  in  the  doubled 
C02  climate  indicate  that  Washington, 
DC,  which  currently  experiences  36 
days  of  temperature  above  90°  F  would 
routinely  have  87  such  days;  Dallas 
would  go  from  19  days  with 
temperatures  above  100°  F  to  78  days. 

Sea-level  rise  due  to  thermal 
expansion  of  the  oceans  would  cause 
severe  problems  in  many  coastal  cities, 
and  this  effect  would  be  exacerbated  if 
additional  glacial  melting  occurred. 
Rainfall  patterns  would  likely  be 
substantially  altered,  posing  the  threat 
of  large-scale  disruptions  of  agricultural 
and  economic  productivity,  and  water 
shortages  in  some  areas. 

We  may  start  experiencing  the  effects 
of  a  changing  climate  fairly  soon.  If  we 
define  a  "hot"  summer  as  the  warmest 
one-third  of  the  summers  during  the 
period  1950-1980,  then,  if  the  models 
are  correct,  during  the  1990s  we  will 
experience  “hot"  summers  twice  as 
often,  or  two-thirds  of  the  time.  The 
summer  of  1988  may  be  an 
all-too-tangible  indication  of  how  dire 
such  changes  in  summertime  climate 
can  be. 
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Manmade  Contributions  to  the 
Greenhouse  Effect 


Question:  Is  there  any  way  to  prevent 
these  changes  from  occurring? 

The  climate  is  being  altered  by  the 
release  of  greenhouse  gases  due  to  fossil 
fuel  consumption  and  industrial 
processes,  and  by  deforestation.  These 
factors  are  inherent  in  our  current 
civilization.  It  may  be  possible  to  limit 
specific  trace  gas  increases  (such  as  the 
CFCs)  and  slow  down  rates  of  increase 
of  C02  through  increased  energy 
conservation.  Our  ability  to  manipulate 
the  climate  system  deliberately,  so  as  to 
offset  the  warming  by  some  other 
process,  is  nonexistent.  It  is  likely  that 
the  additional  greenhouse  gases  which 
have  been  added  to  the  atmosphere 
during  the  past  50  years  have  already 
built  considerable  warming  into  the 
system,  which  we  have  not  yet 
experienced  because  of  the  slow 
warming  response  of  the  ocean. 

The  climate  of  the  next  century  will 
very  likely  be  substantially  different 
from  that  to  which  we  have  become 
accustomed.  Uncertainties  in  our 
knowledge  of  the  true  climate 
sensitivity  prevent  us  from  knowing 
exactly  how  different  it  will  be.  The 
consequences  of  the  climate  change  that 
is  currently  being  estimated  would  be 
enormous.  With  that  in  mind,  it  is 
worthwhile  for  us  to  factor  climatic 
change  into  decision-making  processes 
related  to  our  future,  even  though  there 
are  many  uncertainties  that  still  exist  in 
our  understanding  of  what  may  actually 
happen.  □ 


(Dr.  Rind  is  an  atmospheric  scientist  at 
the  Institute  for  Space  Studies ,  Goddard 
Space  Flight  Center.  National 
Aeronautics  and  Space  Administration, 
and  an  adjunct  associate  professor  at 
Columbia  University.  He  is  a  leading 
researcher  on  aspects  of  the  greenhouse 
theory  of  atmospheric  warming  from 
cc  'ain  gases. J 
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Regional  Contributions  to  the 
Greenhouse  Effect 


European 
Economic  a 
Community! 
14% 


USSR— 14% 


India — 4% 

Brazil — 4% 


China— 7% 


Rest  of  World — 36% 


(The  top  chart  represents  the  estimated  increase  in  the  Greenhouse 
Effect  due  to  manmade  emissions  of  Greenhouse  gases  in  the  1980s. 

The  chart  is  adapted  from  work  by  Dr.  James  Hansen  and  his  associates 
at  the  Goddard  Institute  for  Space  Studies.  The  bottom  chart  is  based 
on  EPA  estimates  of  each  region's  contribution  to  manmade  emissions 
of  Greenhouse  gases.) 
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1  NAL  Call  No:  472  N21 
A  1,400-year  tree-ring  record  of  summer  temper¬ 
atures  in  Fennoscandia. 

Briffa,  K.R.;  Bartholin,  T.S.;  Eckstein,  D.;  Jones, 
P.D.;  Karlen,  W.;  Schweingruber,  F.H.;  Zetterberg, 
P. 

London  :  Macmillan  Magazines  Ltd;  1990  Aug02. 
Nature  v.  346  (6283):  p.  434-439;  1990  Aug02.  In¬ 
cludes  references. 

Language:  English 

Descriptors:  Sweden;  Pinus  sylvestris;  Woody 
plants;  Growth  rings;  Temperatures;  Summer;  His¬ 
torical  records 

Abstract:  Tree-ring  data  have  been  used  to 
reconstruct  the  mean  summer  (April-August)  tem¬ 
perature  of  northern  Fennoscandia  for  each  year 
from  AD  500  to  the  present.  Summer  tempera¬ 
tures  have  fluctuated  markedly  on  annual,  decadal 
and  century  timescales.  There  is  little  evidence  for 
the  existence  of  a  Medieval  Warm  Epoch,  and  the 
Little  Ice  Age  seems  to  be  confined  to  the  rela¬ 
tively  short  period  between  1570  and  1650.  This 
challenges  the  popular  idea  that  these  events  were 
the  major  climate  excursions  of  the  first  millen¬ 
nium,  occurring  synchronously  throughout  Europe 
in  all  seasons.  An  analysis  of  past  warming  trends 
suggests  that  any  summer  warming  induced  by 
greenhouse  gases  may  not  be  detectable  in  this 
region  until  after  2030. 

2  NAL  Call  No:  QH540.N3 
Action  spectra  and  their  key  role  in  assessing  bi¬ 
ological  consequences  of  solar  UV-B  radiation 
change. 

Caldwell,  M.M.;  Camp,  L.B.;  Warner,  C.W.;  Flint, 
S.D. 

Berlin,  W.  Ger.  :  Springer-Verlag;  1986. 

NA.T.O.  A.S.I  (Advanced  Study  Institute)  series. 
Series  G.  Ecological  sciences  v.  8:  p.  87-111;  1986. 
Paper  presented  at  the  "Workshop  on  The  Impact 
of  Solar  Ultraviolet  Radiation  upon  Terrestial 
Ecosystems:  1.  Agricultural  Crops,"  Sept  27-30, 
1983,  Windsheim,  West  Germany.  Includes  refer¬ 
ences. 

Language:  English 

Descriptors:  Plant  damage;  Ultraviolet  radiation; 
Ozone;  Reduction;  Wavelengths;  Photosynthesis; 

Inhibition;  Latitude 

3  NAL  Call  No:  QC882.A35 
Aerosols  and  climate. 


Hobbs,  Peter  Victor, 1936-;  McCormick,  M.  Patrick 
International  Association  of  Meteorology  and  At¬ 
mospheric  Physics,  International  Union  of 
Geodesy  and  Geophysics,  General  Assemblyl987 
:University  of  British  Columbia) 

Symposium  on  Aerosols  and  Climate  1987  :  Uni¬ 
versity  of  British  Columbia. 

Hampton,  Va.,  USA  :  A.  Deepak  Pub.;  1988. 
ix,  486  p.  :  ill.  ;  24  cm.  (Studies  in  geophysical  optics 
and  remote  sensing).  Selected  papers  from  the 
Symposium  on  Aerosols  and  Climate  organized  by 
the  International  Association  of  Meteorology  and 
Atmospheric  Physics  at  the  XIX  General  Assembly 
of  the  International  Union  of  Geodesy  and  Geop¬ 
hysics,  held  at  the  University  of  British  Columbia, 
Vancouver,  Canada,  9-22  August  1987.  Includes 
bibliographies  and  indexes. 

Language:  English 

Descriptors:  Aerosols;  Congresses;  Climatic 
changes;  Congresses;  Troposphere;  Congresses; 
Stratosphere;  Congresses 

4  NAL  Call  No:  18  J825 
After-effect  of  elevated  night  temperature  and 
heat-preconditioning  on  net  carbon  dioxide  ex¬ 
change  and  grain  development  in  Sorghum 
bicolor  L. 

Ogunlela,  V.B.;  Eastin,  J.D. 

Berlin,  W.  Ger.  :  Paul  Parey;  1985  May. 
Zeitschrift  fur  Acker-  und  Pflanzenbau;  Journal  of 
agronomy  and  crop  science  v.  154  (3):  p.  182-192; 
1985  May.  Includes  references. 

Language:  English 

Descriptors:  Nebraska;  Sorghum  bicolor;  Carbon 
dioxide;  Gas  exchange;  Cereals;  Plant  develop¬ 
ment;  Growth  stages;  Heat;  Night  temperature; 
Field  experimentation 

5  NAL  Call  No:  SB192.C2C2 
Afternoon  session,  April  4,  1989:  The  greenhouse 
gases. 

Dever,  D. 

Winnipeg  :  The  Council;  1989. 

Proceedings  of  the  annual  meeting  -  Canada 
Grains  Council  (20):  p.  82-115;  1989.  Meeting  held 
April  4-5,  1989,  Winnipeg,  Manitoba.  Discussion  p. 
183-185. 

Language:  English 

Descriptors:  Climatic  change;  Atmosphere 
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NAL  Call  No:  1.98  AG84 


Quick  Bibliography  Series 


Agriculture  and  the  greenhouse  effect. 

Miller,  S.;  Senft,  D. 

Washington,  D.C. :  The  Administration;  1988  Mar. 
Agricultural  research  -  U.S.  Department  of 
Agriculture,  Agricultural  Research  Service  v.  36 
(3):  p.  6-9.  ill;  1988  Mar. 

Language:  English 

Descriptors :  U.S.A.;  Carbon  dioxide;  Climatic  fac¬ 
tors;  Crop  yield;  Greenhouse  crops;  Greenhouse 
culture;  Temperatures 

7  NAL  Call  No:  QC903.A37 
Agriculture,  forestry,  and  global  climate  change, 
a  reader. 

Library  of  Congress,  Congressional  Research  Ser¬ 
vice,  United  States,  Congress,  Senate,  Committee 
on  Agriculture,  Nutrition,  and  Forestry 
Washington  :  U.S.  G.P.O.  :  For  sale  by  the  Supt. 
of  Docs.,  Congressional  Sales  Office,  U.S.  G.P.O. ; 
1989;  Y  4Ag  8/3:S.prt.l01-26. 
ix,  618  p.  :  ill.,  maps  ;  23  cm.  (S.  prt.  ;  101-26).  At 
head  of  title:  101st  Congress,  1st  session.  Commit¬ 
tee  print.  April  1989.  Includes  bibliographies. 

Language:  English 

Descriptors :  Global  temperature  changes;  Environ¬ 
mental  aspects;  Greenhouse  effect,  Atmospheric; 
Climatic  changes;  Environmental  aspects;  Crops 
and  climate;  Meteorology,  Agricultural;  Forest 
meteorology 

8  NAL  Call  No:  10  OU8 
Agrometeorology  and  model  building. 

Flume,  C.J.;  Callander,  BA. 

Oxon  :  CA.B.  International;  1990. 

Outlook  on  agriculture  v.  19  (1):  p.  25-30.  maps; 
1990.  Includes  references. 

Language:  English 

Descriptors:  Agricultural  meteorology;  Climatic 
change;  Mathematical  models;  Statistical  methods 

9  NAL  Call  No:  S541.5.A4M57 
Alaskan  plants  and  atmospheric  carbon  dioxide. 

Sveinbjornsson,  B. 

Fairbanks,  Alaska  :  The  Station;  1984  Mar. 
Miscellaneous  publication  -  University  of  Alaska, 
Agricultural  and  Forestry  Experiment  Station  (83- 
1):  p.  149-154;  1984  Mar.  Includes  references. 

Language:  English 

Descriptors:  Alaska;  Carbon  dioxide;  Climatic 
change;  Photosynthesis;  Vegetation;  Botanical 


composition 

10  NAL  Call  No:  470  SCI2 
Amazon  deforestation  and  climate  change. 

Shukla,  J.;  Nobre,  C.;  Sellers,  P. 

Washington,  D.C.  :  American  Association  for  the 
Advancement  of  Science;  1990  Marl6. 

Science  v.  247  (4948):  p.  1322-1325.  maps;  1990 
Marl6.  Includes  references. 

Language:  English 

Descriptors:  South  America;  Deforestation; 
Climatic  change;  Temperature;  Evapotranspira- 
tion;  Models 

Abstract:  A  coupled  numerical  model  of  the  global 
atmosphere  and  biosphere  has  been  used  to  assess 
the  effects  of  Amazon  deforestation  on  the 
regional  and  global  climate.  When  the  tropical 
forests  in  the  model  were  replaced  by  degraded 
grass  (pasture),  there  was  a  significant  increase  in 
surface  temperature  and  a  decrease  in 
evapotranspiration  and  precipitation  over 
Amazonia.  In  the  simulation,  the  length  of  the  dry 
season  also  increased;  such  an  increase  could  make 
reestablishment  of  the  tropical  forests  after  mas¬ 
sive  deforestation  particularly  difficult. 

11  NAL  Call  No:  QC980.4.H3 
An  annotated  inventory  of  climatic  indices  and 
data  sets. 

Hattemer-Frey,  Holly  A.;  Quinlan,  Frank  T.;  Karl, 
Thomas 

United  States,  Dept,  of  Energy,  Office  of  Basic  En¬ 
ergy  Sciences,  Carbon  Dioxide  Research  Division 
Washinton,  D.C.  :  U.S.  Dept,  of  Energy,  [1986?]; 

1986. 

xv,  195  p.  :  ill.  ;  28  cm.  November  1986. 
DOE/NBB-0080.  Dist.  Category  UC-11.  TR035. 
Prepared  under  contract  no.  DE-AC05- 
840R21400.  Includes  bibliographical  references 
(p.  187-195). 

Language:  English 

Descriptors:  Climate;  Indexes;  Meteorological  ob¬ 
servations;  Indexes 

12  NAL  Call  No:  SD390.7.G73G74 
An  approach  for  generating  climate  change  hypot- 
heticals  given  limitations  in  current  climate 
models. 

Gibbs,  M.J.;  Hoffman,  J.S. 

Washington,  D.C.  :  Conservation  Foundation; 

1987. 
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The  Greenhouse  effect,  climate  change,  and  U.S. 
forests  /  edited  by  William  E.  Shands  and  John 
S.  Hoffman,  p.  91-111.  maps;  1987. 

Language:  English 

Descriptors'.  Climatic  change;  Models;  Prediction; 
World  problems;  Thermal  radiation 

13  NAL  Call  No:  KF26.C697  1989 
Arctic  and  Antarctic  ozone  depletion  hearing 
before  the  Subcommittee  on  Science,  Technology, 
and  Space  of  the  Committee  on  Commerce,  Sci¬ 
ence,  and  Transportation,  United  States  Senate, 
One  Hundred  First  Congress,  first  session  ... 
February  23,  1989. 

United  States.  Congress.  Senate.  Committee  on 
Commerce,  Science,  and  Transportation.  Subcom¬ 
mittee  on  Science,  Technology,  and  Space 
Washington,  [D.C.]  :  U.S.  G.P.O.  :  For  sale  by  the 
Supt.  of  Docs.,  Congressional  Sales  Office,  U.S. 
G.P.O. ;  1989;  Y  4.C  73/7:S.hrg.l01-53. 
iii,  160  p.  :  ill.  ;  24  cm.  (S.  hrg.  ;  101-53).  Distrib¬ 
uted  to  some  depository  libraries  in  microfiche. 

Language:  English 

Descriptors:  Ozone  layer  depletion;  Atmospheric 
ozone;  Arctic  Regions;  Atmospheric  ozone;  An¬ 
tarctic  Regions;  Environmental  protection 

14  NAL  Call  No:  QH543.P76 
Are  land  biota  a  source  or  a  sink  for  C02?  (A 
simulation  study  for  the  global  carbon  cycle,  in¬ 
cluding  man’s  impact  on  the  biosphere). 

Goudriaan,  J.;  Ketner,  P. 

Lisse  :  Swets  &  Zeitlinger;  1984. 

Progress  in  biometeorology  v.  3:  p.  247-252.  ill; 
1984.  Paper  presented  at  the  "Symposium  on  In¬ 
teractions  between  Climate  and  Biosphere,"  March 
21-23,  1983,  Osnabruck,  West  Germany.  Includes 
references. 

Language:  English 

Descriptors:  Carbon  cycle;  Carbon  dioxide;  Biota; 
Simulation  models;  Ecosystems;  Land  use; 
Deforestation;  Source  sink  relations 

15  NAL  Call  No:  99.8  F768 
Ashes  in  the  Amazon. 

Savonen,  C. 

Bethesda,  Md.  :  Society  of  American  Foresters; 
1990  Sep. 

Journal  of  forestry  v.  88  (9):  p.  20-25.  ill;  1990  Sep. 
Includes  references. 


Language:  English 

Descriptors:  Brazil;  Venezuela;  Tropical  forests; 
Deforestation;  Burning;  Ecosystems;  Environmen¬ 
tal  degradation;  Climatic  change;  Population  pres¬ 
sure;  Shifting  cultivation;  Resource  conservation 

16  NAL  Call  No:  SB1233.C57 
Aspects  of  photosynthetic  biochemistry  and 
climatic  change. 

Woolhouse  H.W. 

New  York  :  Belhaven  Press;  1990. 

Climatic  change  and  plant  genetic  resources  / 
edited  by  M.T.  Jackson,  B.V.  Ford-Lloyd,  M.L. 
Parry,  p.  34-39;  1990.  Includes  references. 

Language:  English 

Descriptors:  Climatic  change;  Carbon  dioxide; 
Gases;  Interactions;  Photosynthesis;  Plant  commu¬ 
nities;  Plant  physiology;  Biochemistry 

17  NAL  Call  No:  SD13.C35 
Assessing  economic  benefits  of  climate  change  on 
Canada’s  boreal  forest. 

Kooten,  G.C.  van;  Arthur,  L.M. 

Ottawa,  Ont.  :  National  Research  Council  of 
Canada;  1989  Apr. 

Canadian  journal  of  forest  research;  Journal 
canadien  de  recherche  forestiere  v.  19  (4):  p.  463- 
470.  maps;  1989  Apr.  Includes  references. 

Language:  English 

Descriptors:  Canada;  Boreal  forests;  Climatic 
change;  Forestry;  Economic  impact;  Productivity; 
Mathematical  models;  Carbon  dioxide 

18  NAL  Call  No:  SB1233.C57 
An  assessment  of  the  effects  of  climatic  change  on 
agriculture. 

Parry,  M.L.;  Carter,  T.R. 

New  York  :  Belhaven  Press;  1990. 

Climatic  change  and  plant  genetic  resources  / 
edited  by  M.T.  Jackson,  B.V.  Ford-Lloyd,  M.L. 
Parry,  p.  61-84.  maps;  1990.  Includes  references. 

Language:  English 

Descriptors:  Finland;  Iceland;  Japan;  Sas¬ 
katchewan;  U.S.S.R.in  europe;  Climatic  change; 
Air  temperature;  Cold  zones;  Temperate  climate; 
Agricultural  research;  Economic  policy;  Environ¬ 
mental  impact  reporting;  Yield  response  functions 

19  NAL  Call  No:  S541.5.A4M57 
Atmospheric  and  oceanographic  measurement 


3 
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needed  for  establishment  of  data  base. 

Keeling,  C  D. 

Fairbanks,  Alaska  :  The  Station;  1984  Mar. 
Miscellaneous  publication  -  University  of  Alaska, 
Agricultural  and  Forestry  Experiment  Station  (83- 
1):  p.  11-22;  1984  Mar.  Includes  references. 

Language:  English 

Descriptors:  Carbon  dioxide;  Cycling  in  ecosystems; 
Fossil  fuels;  Deforestation;  Climatic  factors; 
Oceanography 

20  NAL  Call  No:  QC879.8.A84 
Atmospheric  carbon  dioxide  and  the  greenhouse 
effect.  (Greenhouse  effect.) 

United  States,  Dept,  of  Energy,  Office  of  Basic  En¬ 
ergy  Sciences 

Washington,  D.C.  :  The  Dept.  ;  Springfield,  Va.  : 
Available  from  the  National  Technical  Information 
Service,  U.S.  Dept,  of  Commerce,  [1989?];  1989. 
36  p.  :  ill.,  maps  ;  28  cm  May  1989.  DOE/ER- 
0411.  UC-11.  Includes  bibliographical  references 
(p.  36). 

Language:  English 

Descriptors:  Atmospheric  carbon  dioxide;  Green¬ 
house  effect,  Atmospheric;  Greenhouse  effect,  At¬ 
mospheric;  Research 

21  NAL  Call  No:  QH301.B52 
Atmospheric  carbon  dioxide  from  deforestation  in 
Southeast  Asia. 

Palm,  CA.;  Houghton,  RA.;  Melillo,  J.M.;  Skole, 
D.L. 

St.  Louis  :  Association  for  Tropical  Biology;  1986 
Sep. 

Biotropica  v.  18  (3):  p.  177-188.  ill;  1986  Sep.  In¬ 
cludes  references. 

Language:  English 

Descriptors:  South  east  asia;  Deforestation;  Car¬ 
bon;  Carbon  dioxide;  Tropical  forests;  Tropics; 
Land  use;  Shifting  cultivation;  Land  clearance; 
Ecosystems;  Biomass 

22  NAL  Call  No:  QC879.8.S5 
An  atmospheric  carbon  dioxide  review  and  con¬ 
sideration  of  the  mean  annual  temperature  trend 
at  Saskatoon,  Saskatchewan. 

Shewchuk,  S.  R. 

Saskatchewan  Research  Council 

Saskatoon,  Saskatchewan  :  Saskatchewan  Research 

Council;  1984. 

v,  26  leaves  :  ill.  ;  28  cm.  (SRC  technical  report  ; 


no.  160).  July,  1984.  SRC  publication  no.  E-906- 
26-B-84.  Bibliography:  leaves  23-24. 

Language:  English 

Descriptors:  Atmospheric  carbon  dioxide,  Sas¬ 
katchewan;  Atmospheric  temperature,  Sas¬ 
katchewan;  Global  temperature  changes 

23  NAL  Cali  No:  Q11J68 
Atmospheric  response  to  1988  drought  conditions 
and  future  climate  implications. 

McCorcle,  M.D. 

Cedar  Falls,  Iowa  :  The  Academy;  1990  Sep. 

The  Journal  of  the  Iowa  Academy  of  Science  : 
JIAS  v.  97  (3):  p.  84-87.  maps;  1990  Sep.  Includes 
references. 

Language:  English 

Descriptors:  U.S.A.;  Atmosphere;  Climatic  change; 
Drought;  Soil  water;  Wind  speed 

24  NAL  Call  No:  500  AS73 
The  average  surface  temperature  of  the  earth:  an 
energy  budget  approach. 

Pease,  R.W. 

Washington,  D.C.  :  The  Association;  1987  Sep. 
Annals  of  the  Association  of  American  Geog¬ 
raphers  v.  77  (3):  p.  450-461.  ill;  1987  Sep.  Includes 
references. 

Language:  English 

Descriptors:  Climate;  Energy  balance;  Tempera¬ 
ture;  Carbon  dioxide;  Air  pollution;  Energy  bal¬ 
ance;  Simulation  models 

25  NAL  Call  No:  HD1407.C6 
Biocarbon:  a  model  of  energy  use,  forestation,  and 
climate  change. 

Drennen,  T.;  Chapman,  D. 

Ithaca,  N.Y.  :  The  Station;  1989  Apr. 

Cornell  agricultural  economics  staff  paper  -  De¬ 
partment  of  Agricultural  Economics,  Cornell  Uni¬ 
versity  Agricultural  Experiment  Station  (89-9):  37 
p.;  1989  Apr.  Includes  references. 

Language:  English 

Descriptors:  Dendroclimatology;  Environmental 
temperature;  Carbon  dioxide;  Climatic  change; 
Mathematical  models 

26  NAL  Call  No:  100  SOS2S 
Bioclimate:  things  could  get  worse. 

Brookings,  S.D.  :  The  Station;  1989  Mar. 

South  Dakota  farm  &  home  research  -  South 
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Dakota,  Agricultural  Experiment  Station  v.  40  (1): 
p.  3-6.  maps;  1989  Mar. 

Language:  English 

Descriptors :  South  Dakota;  Climatic  change;  His¬ 
tory;  Projections;  Drought;  Wind  erosion 

27  NAL  Call  No:  aQK751.U7  1988 
Biological  diversity  and  global  change:  habit  frag¬ 
mentation  and  extinction. 

Schonewald-Cox,  C.;  Stohlgren,  T.J. 

Broomall,  PA  :  Northeastern  Forest  Experiment 
Station,  [1989?];  1989  Sep. 

Air  pollution  effects  on  vegetation,  including  forest 
ecosystems  :  proceedings  of  the  Second  US-USSR 
Symposium  /  edited  by  Reginald  D.  Noble,  Juri  L. 
Martin,  and  Keith  F.  Jensen,  p.  217-224;  1989  Sep. 
Papers  presented  at  an  International  Conference, 
September  13-25,  1988,  at  Corvallis,  Oregon; 
RaJeigh,  North  Carolina;  Gatlinburg,  Tennessee. 
Includes  references. 

Language:  English 

Descriptors :  U.S.A.;  U.S.S.R.;  Habitat  destruction; 
Air  pollution;  Climatic  change;  Fragmentation 

28  NAL  Call  No:  QH345.B564 
Biomass  of  the  North  American  boreal  forest:  a 
step  toward  accurate  global  measures. 

Botkin,  D.B.;  Simpson,  L.G. 

Dordrecht  :  Kluwer  Academic  Publishers;  1990 
Mar. 

Biogeochemistry  v.  9  (2):  p.  161-174.  maps;  1990 
Mar.  Includes  references. 

Language:  English 

Descriptors'.  U.SA.;  Boreal  forests;  Aerial  photog¬ 
raphy;  Biomass  production;  Carbon  cycle;  Carbon 
dioxide;  Climatic  change;  Environmental  factors; 
Mapping 

29  NAL  Call  No:  470  SCI2 
Boreal  forests  and  the  global  carbon  cycle. 
Kauppi,  P.;  Posch,  M. 

Washington,  D.C.  :  American  Association  for  the 
Advancement  of  Science;  1989  Mar24. 

Science  v.  243  (4898):  p.  1535-1536;  1989  Mar24. 
Includes  references. 

Language:  English 

Descriptors'.  Forest  influences;  Boreal  forests;  Car¬ 
bon  cycle;  Climatic  change 

30  NAL  Call  No:  QC981.4.B72 


The  Breathing  planet. 

Gribbin,  John  R. 

Oxford  [Oxfordshire]  ;  New  York,  NY,  USA  :  B. 
Blackwell  ;  [London]  :  New  Scientist,  1986  (1987 
printing);  Reprinted  1986. 

xv,  336  p.  :  ill.,  maps,  ports.  ;  24  cm.  (New  scientist 
guides).  Reprints  of  articles  originally  published  in 
New  scientist.  Includes  index. 

Language:  English 

Descriptors:  Weather;  Climatic  changes;  Atmos¬ 
pheric  chemistry;  Environmental  aspects;  Man;  In¬ 
fluence  on  nature 

31  NAL  Call  No:  QC981.8.C5W68  1989 
Cairo  compact  and  panel  reports. 

Climate  Institute  (Washington,  D.C.), United  Na¬ 
tions  Environment  Programme,  Egypt 
World  Conference  on  Preparing  for  Climate 
Change  1989  :  Cairo,  Egypt. 

Washington,  D.C.  :  Climate  Institute,  [1989?]; 
1989. 

34  p.  ;  28  cm.  Cover  title.  At  head  of  title:  Cairo 
climate  conference  December  17-21,  1989,  con¬ 
vened  by  Climate  Institute,  United  Nations  Envi¬ 
ronment  Programme,  Government  of  Egypt. 
"World  Conference  on  Preparing  for  Climate 
Change  ...  Cairo,  Egypt,  December  17-21,  1989", 
P.  [i]. 

Language:  English 
Descriptors:  Climatic  changes 

32  NAL  Call  No:  QC9123.S4 
Can  we  delay  a  greenhouse  warming?  the  effec¬ 
tiveness  and  feasibility  of  options  to  slow  a  build¬ 
up  of  carbon  dioxide  in  the  atmosphere. 

Seidel,  Stephen;  Keyes,  Dale  L. 

United  States,  Environmental  Protection  Agency, 
Office  of  Policy  and  Resources  Management,  Stra¬ 
tegic  Studies  Staff 

Washington,  D.C.  :  Strategic  Studies  Staff,  Office 
of  Policy  Analysis,  Office  of  Policy  and  Resources 
Management  :  For  sale  by  the  Supt.  of  Docs.,  U.S. 
G.P.O.;  1983. 

1  v.  (various  pagings)  :  ill.,  1  map  ;  28  cm.  Septem¬ 
ber  1983.  S/N  055-000-00235-5.  Bibliography:  p. 
[189-193], 

Language:  English 

Descriptors:  Greenhouse  effect,  Atmospheric;  At¬ 
mospheric  carbon  dioxide;  Environmental  aspects; 
Fossil  fuels;  Environmental  aspects 
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33  NAL  Cal!  No:  517  OT81 
Canada's  peatlands:  their  importance  for  the 
global  carbon  cycle  and  possible  effects  of  "green¬ 
house"  climatic  warming. 

Gorham,  E. 

Ottawa  :  The  Society;  1988. 

Transactions  of  the  Royal  Society  of  Canada; 
Memoires  de  la  Societe  royale  du  Canada  v.  3:  p. 
21-23;  1988.  Includes  references. 

Language:  English 

Descriptors:  Canada;  Climatic  change;  Carbon 
dioxide;  Peatlands;  Soil  resources 

34  NAL  Call  No:  QK710.PSS 
Canopy  photosynthesis  of  crops  and  native  plant 
communities  exposed  to  long-term  elevated  C02. 

Drake,  B.G.;  Leadley,  P.W. 

Oxford  :  Blackwell  Scientific  Publications;  1991 
Oct. 

Plant,  cell  and  environment  v.  14  (8):  p.  853-860; 
1991  Oct.  Literature  review.  Includes  references. 

Language:  English 

Descriptors:  Crops;  Spartina  patens;  Scirpus;  Car¬ 
bon  dioxide  enrichment;  Photosynthesis;  Carbon 
dioxide;  Gas  exchange;  Canopy;  Salt  marshes; 
Plant  communities;  Air  temperature;  Literature 
reviews 

35  NAL  Call  No:  S600.7.C54C355 
Carbon  dioxide  and  climate  change  impacts  on 
agriculture.  (C02  and  climate  change.) 

Salinger,  M.  J. 

Palmerston  North,  N.Z.  :  DSIR  ;  [Wellington, 
N.Z.]  :  New  Zealand  Meteorological  Service  ;  [Lin¬ 
coln,  N.Z.]  :  MAF,  [1990?];  1990. 

28  p.  :  ill.  ;  30  cm.  Cover  title.  Caption  title;  C02 
and  climate  change.  Includes  bibliographical  refer¬ 
ences  (p.  28). 

Language:  English 

Descriptors:  Atmospheric  carbon  dioxide;  Crops 
and  climate;  Meteorology,  Agricultural 

36  NAL  Call  No:  QC879.8.C35  1984 
Carbon  dioxide  and  climate  summaries  of  re¬ 
search  in  FY  1983  and  FY  1984. 

United  States,  Dept,  of  Energy 

Washington,  D.C.  ;  United  States  Department  of 

Energy;  1984. 

v,  131  p.  :  ill.  ;  28  cm.  DOE/ER-0202.  September 
1984.  Includes  index. 


Language:  English 

Descriptors:  United  States,  Climate;  Atmospheric 
carbon  dioxide,  Research,  United  States 

37  NAL  Call  No:  QC879.8.C35 
Carbon  dioxide  and  climate  summaries  of  re¬ 
search  in  FY  1987. 

United  States,  Dept,  of  Energy,  Office  of  Basic  En¬ 
ergy  Sciences,  Carbon  Dioxide  Research  Division 
Washington,  D.C.  :  U.S.  Dept,  of  Energy,  Office 
of  Energy  Research,  Office  of  Basic  Energy 
Sciences,  Carbon  Dioxide  Research  Division;  1987. 
vii,  95  p.  :  ill.  ;  28  cm.  DOE/ER-Q347.  October 

1987.  Includes  index. 

Language:  English 

Descriptors:  United  States,  Climate;  Atmospheric 
carbon  dioxide,  Research,  United  States 

38  NAL  Call  No:  QC879J.C35  1988 
Carbon  dioxide  and  climate  summaries  of  re¬ 
search  in  FY  1988. 

United  States,  Dept,  of  Energy,  Office  of  Basic  En¬ 
ergy  Sciences,  Carbon  Dioxide  Research  Division 
Washington,  D.C.  :  U.S.  Dept,  of  Energy,  Office 
of  Energy  Research,  Office  of  Basic  Energy 
Sciences,  Carbon  Dioxide  Research  Division;  1988. 
xiv,  87  p. :  ill.  ;  28  cm.  (DOE/ER  ;  0385).  October 

1988.  Includes  index. 

Language:  English 

Descriptors:  United  States;  Climate;  Atmospheric 
carbon  dioxide;  Research;  United  States 

39  NAL  Cal!  No:  QH543.I3 
Carbon  dioxide  and  global  change  earth  in  tran¬ 
sition. 

Idso,  Sherwood  B. 

Tempe,  Ariz,  U.SA..  (631  E.  Laguna  Dr.,  Ternpe 
85282)  :  IBR  Press;  1989. 

iii,  292  p.  :  ill.  ;  23  cm.  Includes  bibliographical  ref¬ 
erences  (p.  136-235)  and  indexes. 

Language:  English 

Descriptors:  Bioclimatology;  Carbon  dioxide;  Phys¬ 
iological  effect;  Global  warming;  Health  aspects 

40  NAL  Call  No:  T57.6A1I5  noJ8-7 
Carbon  dioxide  emissions  in  a  methane  economy. 

Ausubel,  Jesse 

Laxenburg,  Austria  :  International  Institute  for  Ap¬ 
plied  Systems  Analysis,  [cl988];  1988,  reprinted 
1988. 
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p.  iii,  245-263  :  ill.  ;  24  cm.  (Research  reports  / 
International  Institute  for  Applied  Systems  Anal¬ 
ysis  ;  88-7).  December  1988.  Reprinted  from 
Climatic  Change,  12  (1988),  245-263.  Includes 
bibliographical  references. 

Language:  English 


41  NAL  Call  No:  S541.5A4M57 
Carbon  dioxide  in  context. 

Meeker,  J.W. 

Fairbanks,  Alaska  :  The  Station;  1984  Mar. 
Miscellaneous  publication  -  University  of  Alaska, 
Agricultural  and  Forestry  Experiment  Station  (83- 
1):  p.  187-189;  1984  Mar. 

Language:  English 

Descriptors:  Carbon  dioxide;  Climatic  change;  Fos¬ 
sil  fuels;  Resource  management 

42  NAL  Call  No:  S541.5.A4M57 
Carbon  dioxide  in  the  Arctic  atmosphere:  air-sea 
and  air-land  interaction. 

Kelley,  JJ.;  Gosink,  TA. 

Fairbanks,  Alaska  :  The  Station;  1984  Mar. 
Miscellaneous  publication  -  University  of  Alaska, 
Agricultural  and  Forestry  Experiment  Station  (83- 
1):  p.  40-48.  ill.,  maps;  1984  Mar.  Includes  refer¬ 
ences. 

Language:  English 

Descriptors :  Carbon  dioxide;  Arctic  regions; 
Oceanography;  Seasonal  variation;  Air-water  inter¬ 
face;  Climatic  change;  Arctic  tundra 

43  NAL  Call  No:  QK1.C83 
Carbon  dioxide  levels  in  the  biosphere:  efTects  on 
plant  productivity. 

Wittwer,  S.H. 

Boca  Raton,  Fla.  :  CRC  Press;  1985. 

Critical  reviews  in  plant  sciences  v.  2  (3):  p.  171- 
198;  1985.  Literature  review.  Includes  207  refer¬ 
ences. 

Language:  English 

Descriptors:  Plant  physiology;  Environmental  fac¬ 
tors;  Carbon  dioxide;  Atmosphere;  Climatic  fac¬ 
tors 

44  NAL  Call  No:  QC879.8J37 
Carbon  dioxide  potential  emerging  global  hazard. 
Jarratt,  Jennifer 

Washington.  D.C.  :  JF  Coates,  Inc.,  cl983?;  1983. 


ii,  43  leaves  :  ill.  ;  28  cm.  The  Environmental  Pro¬ 
gram  of  the  Edison  Electric  Institute  sponsored 
this  stock-taking  study  of  the  carbon  dioxide  ques- 
tion",  P.i.  December  28,  1983.  Includes 
bibliographical  references  (leaves  41-42). 

Language:  English 

Descriptors:  Greenhouse  effect,  Atmospheric; 
Climatic  changes;  Atmospheric  carbon  dioxide; 
Environmental  aspects 

45  NAL  Call  No:  S541.5.A4M57 
The  carbon  dioxide  problem:  a  scientific  puzzle 
and  political  dilemma. 

Woodwell,  G.M. 

Fairbanks,  Alaska  :  The  Station;  1984  Mar. 
Miscellaneous  publication  -  University  of  Alaska, 
Agricultural  and  Forestry  Experiment  Station  (83- 
1):  p.  3-7;  1984  Mar.  Includes  references. 

Language:  English 

Descriptors:  Carbon  dioxide;  Climatic  change;  Nat¬ 
ural  resources;  Carbon  cycle;  Resource  manage¬ 
ment 

46  NAL  Call  No:  QC879.8.C36 
Carbon  dioxide  research  progress  report  fiscal 
year  1979. 

Dahlman,  Roger  C. 

United  States,  Department  of  Energy 
Washington,  D.C.  :  U.S.  Dept,  of  Energy  ; 
Springfield,  Va.  :  Available  from  National  Techni¬ 
cal  Information  Service;  1980. 

79  p.  :  ill.,  maps  ;  28  cm.  (Carbon  Dioxide  Effects 
Research  and  Assessment  Program  (Series)  ;  no. 
005.).  Apr  1980.  DOE/EV-0071.  UC-11.  Bibliog¬ 
raphy:  p.  77-79. 

Language:  English 

Descriptors:  Atmospheric  carbon  dioxide;  Carbon 
dioxide 

47  NAL  Call  No:  QK477JA6I5  1986 
Carbon-13/carbon-12  variations  in  bristlecone 
pine  over  the  past  600  years  and  their  relation  to 
climate  and  global  atmosphereic  C02. 

Long,  A.;  Leavitt,  S.W.;  Cheng,  S. 

Washington,  DC  :  U.S.  Department  of  Energy,  Of¬ 
fice  of  Energy  Research;  1987  Apr. 

Proceedings  of  the  International  Symposium  on 
Ecological  Aspects  of  Tree-Ring  Analysis  /  com¬ 
piled  by  G.C.  Jacoby,  J.W.  Hornbeck.  p.  485-493; 
1987  Apr.  Includes  references. 
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Language:  English 

Descriptors'.  California;  Pinus  longaeva;  Carbon 
dioxide  enrichment;  Growth;  Climatic  factors; 
Growth  rings;  Altitudinal  zonation 

48  NAL  Call  No:  QC981.8.G56C4 
The  Challenge  of  global  warming. 

Abrahamson,  Dean  E. 

Washington,  D.C.  :  Island  Press;  1989. 
xviii,  358  p.  :  ill.  ;  24  cm.  Includes  index.  Bibliog¬ 
raphy:  p.  327-336. 

Language:  English 

Descriptors:  Global  warming;  Climatic  changes; 
Greenhouse  effect,  Atmospheric 

49  NAL  Call  No:  470  C16C 
Changes  in  forest  fire  frequency  in  Kootenay  Na¬ 
tional  Park,  Canadian  Rockies. 

Masters,  A.M. 

Ottawa,  Ont.  :  National  Research  Council  of 
Canada;  1990  Aug. 

Canadian  journal  of  botany;  Journal  canadien  de 
botanique  v.  68  (8):  p.  1763-1767.  maps;  1990  Aug. 
Includes  references. 

Language:  English 

Descriptors:  British  Columbia;  Forest  fires;  Fre¬ 
quency;  Stand  characteristics:  Age  composition; 
Spatial  distribution;  Climatic  change;  Environmen¬ 
tal  impact;  Road  construction;  Rain;  Climatic 
change;  Fire  suppression;  Age  of  trees;  National 
parks;  Fire  effects;  Fire  ecology 

50  NAL  r*l|  No:  450  J8224 
Changes  in  N  and  S  leaf  content,  stomatal  density 
and  specific  leaf  area  of  14  plant  species  during 
the  last  three  centuries  of  C02  increase. 

Penuelas,  J.;  Matamala,  R. 

Oxford  :  Oxford  University  Press;  1990  Sep. 
Journal  of  experimental  botany  v.  230  (41):  p.  1119- 
1124;  1990  Sep.  Includes  references. 

Language:  English 

Descriptors:  Spain;  Angiosperms;  Gymnosperms; 
Herbaria;  Specimens;  Leaves;  Chemical  composi¬ 
tion;  Carbon;  Sulfur;  Nitrogen  content;  Leaf  area; 
Stomata;  Enumeration;  Carbon  dioxide  enrich¬ 
ment;  Atmosphere;  Climatology;  History 

Abstract:  Parallel  to  the  increase  in  atmospheric 
C02  from  278  micromole  mol-1  in  AD  1750  to  the 
current  ambient  level  of  348  micromole  mol-1, 
there  have  been  overall  decreases  in  leaf  nitrogen 


content  and  stomatal  density  from  144%  and 
121%,  respectively,  in  AD  1750  to  100%  today  of 
herbarium  specimens  of  14  trees,  shrubs,  and  herbs 
collected  over  the  last  240  years  in  Catalonia,  a 
Mediterranean  climate  area.  These  decreases  were 
steeper  during  the  initial  slower  increases  in  C02 
atmospheric  levels  as  compared  with  the  relatively 
faster  C02  increases  in  recent  years.  The  declines 
in  leaf  N  content  and  stomatal  density  have  also 
been  reported  in  experimental  studies  on  leaves  of 
plants  grown  under  enriched  C02  environments. 
Meanwhile,  the  stomatal  index  and  overall  carbon 
and  sulphur  leaf  contents  have  not  changed  signif¬ 
icantly.  Leaf  S  content  was  higher  in  the  1940s 
samples  coinciding  with  the  burning  of  increased 
quantities  of  sulphur-rich  coal.  Consequently,  the 
epidermal  cell  density  has  decreased  parallel  to  the 
stomatal  density  and  the  C/N  ratio  of  leaves  has 
increased,  implying  possible  important  conse¬ 
quences  on  herbivores,  decomposers,  and  ecosys¬ 
tems.  An  overall  decrease  in  the  specific  leaf  area 
(SLA)  from  184%  in  the  18th  century  to  100% 
today  has  also  been  found,  as  would  be  expected 
under  C02  enrichment,  but  which  might  also  be 
an  artifact  of  prolonged  storage. 

51  NAL  Call  No:  jQC981.8.C5F33  1986 
Changes  in  the  wind  earth’s  shifting  climate.,  1st 
ed. 

Facklam,  Margery;  Facklam,  Howard 
San  Diego  :  Harcourt  Brace  Jovanovich;  1986. 
xiii,  128  p.  :  ill.  ;  24  cm.  Includes  index.  Bibliogra¬ 
phy:  p.  121-124. 

Language:  English 

Descriptors:  Climatic  changes;  Juvenile  literature 

52  NAL  Call  No:  QC9123.C481 
Changing  by  degrees  steps  to  reduce  greenhouse 
gases.  (Steps  to  reduce  greenhouse  gases.) 

United  States,  Congress,  Office  of  Technology  As¬ 
sessment 

Washington,  DC  :  Congress  of  the  U.S.,  Office  of 
Technology  Assessment  :  For  sale  by  the  Supt.  of 
Docs.,  U.S.  G.P.O.;  1991;  Y  3.T  22/2:2  D  36/3. 
x,  354  p.  :  ill.,  maps  ;  26  cm.  "February  1991",  P. 
[4]  of  cover.  Includes  index.  "OTA-O-482”,  P.  [4] 
of  cover.  Includes  bibliographical  references. 

Language:  English 

Descriptors:  Greenhouse  effect,  Atmospheric; 
Global  warming;  Climatic  changes;  Environmental 
policy 


8 


GLOBAL  WARMING  AND  THE  GREENHOUSE  EFFECT 


53  NAL  Call  No:  QC912J.C48 
Changing  by  degrees  steps  to  reduce  greenhouse 
gases  :  summary.  (Steps  to  reduce  greenhouse 
gases.) 

United  States,  Congress,  Office  of  Technology  As¬ 
sessment 

Washington,  DC  :  Congress  of  the  U.S.,  Office  of 
Technology  Assessment  :  For  sale  by  the  Supt.  of 
Docs.,  U.S.  G.P.O.;  1991. 

viii,  42  p.  :  ill.,  maps  ;  26  cm.  "February  1991",  P. 
[4]  of  cover.  "OTA-O-483",  P.  [4]  of  cover.  Includes 
bibliographical  references  (p.  41-42). 

Language:  English 

Descriptors :  Greenhouse  effect,  Atmospheric; 
Global  warming;  Climatic  changes;  Environmental 
policy 

54  NAL  Call  No:  SD143.S64 
A  changing  climate  and  its  implications  for 
predicting  future  yields. 

Henderson,  J.A. 

Bethesda,  Md.  :  The  Society;  1990. 

Proceedings  of  the  ...  Society  of  American 
Foresters  National  Convention,  p.  343-346;  1990. 
Paper  presented  at  a  meeting  on  "Forestry  on  the 
Frontier,"  Sept  24-27,  1989,  Spokane,  Washington. 
Includes  references. 

Language:  English 

Descriptors :  Forest  management;  Climatic  change; 
Yields;  Height;  Growth 

55  NAL  Call  No:  QH543.P76 
Changing  climate,  changing  biomass  and  chang¬ 
ing  atmospheric  C02. 

Grove,  A.T. 

Lisse  :  Swets  &  Zeitlinger;  1984. 

Progress  in  biometeorology  v.  3:  p.  5-10;  1984. 
Paper  presented  at  the  "Symposium  on  Interac¬ 
tions  between  Climate  and  Biosphere,"  March  21- 
23,  1983,  Osnabruck,  West  Germany.  Includes 
references. 

Language:  English 

Descriptors'.  Atmosphere;  Carbon  dioxide;  Concen¬ 
tration;  Climatic  factors;  Biological  production 

56  NAL  Call  No:  QC879.8.N35 
Changing  climate  report  of  the  Carbon  Dioxide 
Assessment  Committee. 

National  Research  Council  (U.S.).  Carbon  Dioxide 
Assessment  Committee 

Washington,  D.C.  :  National  Academy  Press;  1983. 


xxiii,  496  p.  :  ill.,  maps  ;  28  cm.  Includes 
bibliographies. 

Language:  English 

Descriptors :  Atmospheric  carbon  dioxide,  Environ¬ 
mental  aspects,  United  States;  Climatic  changes, 
United  States 

57  NAL  Call  No:  450  AN7 
Changing  productivity  of  the  oceans  in  response 
to  a  changing  climate. 

Fogg,  G.E. 

London  :  Academic  Press;  1991  Jun. 

Annals  of  botany  v.  67  (suppl.l):  p.  57-60;  1991  Jun. 
Literature  review.  Includes  references. 

Language:  English 

Descriptors'.  Climatic  change;  Oceanic  climate; 
Biomass  production;  Phytotoxicity;  Carbon 
dioxide;  Nitrogen;  Temperature;  Pollution;  Litera¬ 
ture  reviews 

Abstract:  The  probable  effects  on  ocean  productiv¬ 
ity  of  a  possible  2  degrees  C  rise  in  average  sea- 
surface  temperature  accompanied  by  a  30  cm  rise 
in  mean  sea-level  over  the  next  30  years  are  con¬ 
sidered.  It  seems  unlikely  that  there  will  be  any 
perceptible  change  in  total  primary  productivity 
and  changes  in  secondary  productivity  seem  unpre¬ 
dictable.  It  is  thought  unlikely  that  changes  in  the 
nitrogen  cycle  will  be  sufficient  to  affect  total 
biomass  over  this  short  time-scale.  A  2  degrees  C 
change  is,  however,  likely  to  bring  about  consider¬ 
able  alterations  in  the  composition  of  marine  com¬ 
munities,  and  shifting  patterns  of  water  movement 
will  bring  about  changes  in  the  spatial  distribution 
of  biomass,  communities  and  productivity.  We  may 
expect  changes  in  traditional  fishing  grounds  and 
marked  changes  in  flora  and  fauna  in  British 
waters,  but  probably  no  increase  or  decrease  in 
general  productivity. 

58  NAL  Call  No:  QC879.8.C42 
Characterization  of  information  requirements  for 
studies  of  C02  effects  water  resources,  agricul¬ 
ture,  fisheries,  forests,  and  human  health. 

White,  Margaret  R. 

United  States,  Dept,  of  Energy,  Office  of  Basic  En¬ 
ergy  Sciences,  Carbon  Dioxide  Research  Division 
Washington,  D.C.  :  U.S.  Dept,  of  Energy,  Office 
of  Energy  Research,  Office  of  Basic  Energy 
Sciences,  Carbon  Dioxide  Research  Division;  1986. 
xix,  235  p. :  ill.  ;  28  cm.  December  1985.  DOE/ER- 
0236.  Includes  bibliographies  and  indexes. 
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Language:  English 

Descriptors:  Carbon  dioxide;  Environmental 
aspects;  Atmospheric  carbon  dioxide;  Environ¬ 
mental  aspects;  Climatic  changes 

59  NAL  Call  No:  QH540.E55 
Chlorofluorocarbons  and  the  Antarctic  ozone 
’hole’. 

Rowland,  F.S. 

Geneva  :  Elsevier  Sequoia  S.A.;  1986. 
Environmental  conservation  v.  13  (3):  p.  193-194; 
1986.  Includes  references. 

Language:  English 

Descriptors:  Antarctica;  Ozone;  Organochlorine 
compounds;  Air  pollution;  Climatic  change 

60  NAL  Call  No:  NBUQC981.8  C5  C55  1990 
Climate  and  development  climate  change  and 
variability  and  the  resulting  social,  economic  and 
technological  implications. 

Karpe,  H.-J;  Otten,  Dieter;  Trinidade,  S.  C. 
Hamburg  Congress  on  Climate  and  Development 
1988  :  Hamburg,  Germany. 

Berlin  ;  New  York  :  Springer-Verlag;  1990. 
xiv,  477  p.  :  ill.,  maps  ;  24  cm.  "A  succinct  cross- 
section  of  the  varying  perceptions  drawn  from  the 
analytical  presentations  by  the  unique  composition 
of  participants  at  the  Hamburg  Congress  [on 
Climate  and  Development]",  pref.  Includes 
bibliographical  references. 

Language:  English 

Descriptors:  Climatic  changes;  Congresses;  Eco¬ 
nomic  development;  Congresses;  Man;  Influence 
of  climate;  Congresses 

61  NAL  Call  No:  QC879.8.C58 
Climate  and  energy  the  feasibility  of  controlling 
C02  emissions. 

Okken,  P.  A.;  Swart,  R.  J.;  Zwerver,  S. 

Dordrecht  ;  Boston  :  Kluwer  Academic  Publishers; 
1989. 

vii,  267  p.  :  ill.  ;  25  cm.  Includes  bibliographical 
references. 

Language:  English 

Descriptors:  Atmospheric  carbon  dioxide;  Green¬ 
house  effect,  Atmospheric;  Fossil  fuels 

62  NAL  Call  No:  S600.2.I58  1987 
Climate  and  food  security  papers  persented  at  the 
International  Symposium  on  Climate  Variability 


and  Food  Security  in  Developing  Countries,  5-9 
February  1987  New  Delhi,  India. 

American  Association  for  the  Advancement  of  Sci¬ 
ence,  Indian  National  Science  Academy,  Interna¬ 
tional  Rice  Research  Institute,  Indian  Council  of 
Agricultural  Research 

International  Symposium  on  Climate  Variability 
and  Food  Security  in  Developing  Countries  1987  : 
New  Delhi,  India. 

Manila.  Philippines  :  The  Institute  ;  Washington, 
D.C.  :  The  Association;  1989. 

602  p.  :  ill.,  maps  ;  23  cm.  "CGLAR  Information 
Service.  Includes  bibliographical  references. 

Language:  English 

Descriptors:  Crops  and  climate;  Climatic  changes 

63  NAL  Call  No:  101  ALIA 
Climate  change. 

Ascher,  A. 

Edmonton  :  Faculty  of  Agriculture  and  Forestry, 
University  of  Alberta;  1990. 

Agriculture  and  forestry  bulletin  v.  13  (4):  p.  3-8. 
ill;  1990. 

Language:  English 

Descriptors:  Canada;  Climatic  change;  Effects; 
Forestry 

64  NAL  Call  No:  KF27A33277  1989b 
Climate  change  and  agriculture  joint  hearing 
before  the  Subcommittee  on  Department  Opera¬ 
tions,  Research,  and  Foreign  Agriculture  and  the 
Subcommittee  on  Forests,  Family  Farms,  and  En¬ 
ergy  of  the  Committee  on  Agriculture,  House  of 
Representatives,  One  Hundred  First  Congress, 
first  session,  April  19,  1989. 

United  States.  Congress.  House.  Committee  on 
Agriculture.  Subcommittee  on  Department  Oper¬ 
ations,  Research,  and  Foreign  Agriculture;  United 
States,  Congress,  House,  Committee  on  Agricul¬ 
ture,  Subcommittee  on  Forests,  Family  Farms,  and 
Energy 

Washington  [D.C.]  :  U.S.  G.P.O.  :  For  sale  by  the 
Supt.  of  Docs.,  Congressional  Sales  Office,  U.S. 
G.P.O. ;  1990;  Y  4J\g  8/1:101-28. 
iii,  150  p.  :  ill.  ;  24  cm.  Distributed  to  some 
depository  libraries  in  microfiche.  Serial  no.  101- 
28.  Includes  bibliographical  references. 

Language:  English 

Descriptors:  Climatic  changes;  Crops  and  climate; 
Meteorology,  Agricultural;  United  States 
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65  NAL  Call  No:  aSDU.A42  no.187 
Climate  change  and  America’s  forests. 

Joyce,  Linda  A.;  Fosberg,  Michael  A.;  Comanor, 
Joan  M. 

Rocky  Mountain  Forest  and  Range  Experiment 
Station  (Fort  Collins,  Colo.) 

Fort  Collins,  Colo.  :  U.S.  Dept,  of  Agriculture, 
Forest  Service,  Rocky  Mountain  Forest  and  Range 
Experiment  Station;  1990. 

12  p.  :  ill.,  maps  ;  28  cm.  (General  technical  report 
RM  ;  187).  February  1990.  Includes  bibliographical 
references  (p.  9-12). 

Language:  English 

Descriptors :  Forests  and  forestry;  United  States; 
Mensuration;  Climatic  factors;  Greenhouse  effect, 
Atomospheric;  United  States 

66  NAL  Call  No:  QK475.T74 
Climate  change  and  forests. 

Gates,  D.M. 

Victoria,  B.C.  :  Heron  Publishing;  1990  Dec. 

Tree  physiology  v.  7  (1/4):  p.  1-5;  1990  Dec.  Paper 
presented  at  the  "Workshop  on  Dynamics  of  Ecop- 
hysiological  Processes  in  Tree  Crowns  and  Forest 
Canopies,"  September,  1991,  Rhinelander,  Wiscon¬ 
sin.  Includes  references. 

Language:  English 

Descriptors-.  Forest  ecology;  Climatic  change;  Tem¬ 
perature;  Air  pollution;  Carbon  dioxide 

Abstract:  Factors  governing  long-term  change  in 
global  temperature  are  reviewed.  The  magnitude 
and  rate  of  change  in  global  temperature  resulting 
from  current  increases  in  the  concentration  of  at¬ 
mospheric  greenhouse  gases  are  considered  in  re¬ 
lation  to  their  impact  on  forests.  Movement  in 
forest  zone  boundaries  at  a  rate  of  2.5  km  year-1 
are  possible,  which  is  nearly  ten  time  the  rate 
forests  have  been  known  to  move  by  natural 
reproduction.  Climate  models  indicate  that  in¬ 
creased  global  temperature  will  affect  rainfall  dis¬ 
tribution,  lead  to  more  frequent  and  more  severe 
storms  and  increase  climatic  variability.  Conse¬ 
quences  for  the  world’s  forests  include  increased 
frequencies  of  fire  and  blow-down,  and  widespread 
decline.  Increased  atmospheric  C02  concentra¬ 
tions  may  increase  forest  growth  where  the  effect 
is  not  offset  by  reduced  precipitation,  but  the  over¬ 
all  effect  of  anticipated  changes  in  global  climate 
is  likely  to  be  widespread  loss  of  forests. 


Climate  change  and  productivity  of  natural  gras¬ 
slands. 

Hall,  D.O.;  Scurlock,  J.M.O. 

London  :  Academic  Press;  1991  Jun. 

Annals  of  botany  v.  67  (suppl.l):  p.  49-55;  1991  Jun. 
Literature  review.  Includes  references. 

Language:  English 

Descriptors:  Climatic  change;  Tropical  grasslands; 
Biomass  production;  Plant  communities;  Plant 
ecology;  Ecosystems;  Burning;  Carbon  dioxide; 
Nitrogen;  Environmental  factors;  Temperature; 
Water  stress;  Nutrient  requirements;  Literature 
reviews 

Abstract:  Natural  grasslands,  especially  in  the 
tropics,  urgently  need  more  detailed  study  in  order 
to  determine  the  response  of  this  undervalued 
major  ecosystem  type  to  possible  climate  changes. 
Feedback  effects  through  environmental  variables 
such  as  temperature,  water  and  nutrient  stress  may 
be  at  least  as  significant  as  the  increase  in  atmos¬ 
pheric  C02  concentration,  but  there  is  scarcely 
enough  data  at  present  to  develop  and  validate 
modelling.  Annual  burning  of  large  areas  of  tropi¬ 
cal  grasslands  plays  a  significant  role  in  the  global 
carbon  cycle.  Net  loss  of  soil  carbon  and  nitrogen 
may  result,  depending  upon  the  frequency  of  fire, 
overgrazing  and  drought.  The  UNEP  Project  on 
productivity  and  photosynthesis  in  tropical  gras¬ 
slands  attempts  to  correct  the  gap  in  baseline  data, 
and  has  found  these  ecosystems  to  be  far  more 
productive  than  previously  appreciated.  Based  on 
data  from  three  terrestrial  grassland  sites,  the  gross 
flux  of  carbon  from  burning  of  tropical  grasslands 
falls  in  the  range  2-4  4-2  Gt  per  annum,  a  signifi¬ 
cant  amount  compared  with  the  net  fluxes  of  1-8 
Gt  estimated  from  deforestation  and  9-3  Gt  from 
fossil  combustion.  Data  from  this  project  is  also 
being  applied  to  modelling  work  in  collaboration 
with  SCOPE.  In  order  to  study  climate  change  ef¬ 
fects  on  carbon  cycling  in  grasslands. 

68  NAL  Call  No:  QI1J68 

Climate  change  and  the  potential  impact  on  the 
soil  resource. 

Hatfield,  J.L. 

Cedar  Falls,  Iowa  :  The  Academy;  1990  Sep. 

The  Journal  of  the  Iowa  Academy  of  Science  : 
JIAS  v.  97  (3):  p.  82-83;  1990  Sep.  Includes  refer¬ 
ences. 

Language:  English 

Descriptors:  Air  temperature;  Climatic  change;  En- 
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Quick  Bibliography  Series 


vironmental  impact  reporting;  Soil  management; 
Soil  resources;  Soil  temperature;  Soil  water 

69  NAL  Call  No:  QC981.8.C5C5 
Climate  change  and  U.S.  water  resources. 
(Climate  change  and  US  water  resources.) 

Waggoner,  Paul  E. 

American  Association  for  the  Advancement  of  Sci¬ 
ence,  Panel  on  Climatic  Variability,  Climate 
Change,  and  the  Planning  and  Management  of 
U.S.  Water  Resources 
New  York  :  Wiley;  1990. 

xiii,  496  p.  :  ill.  ;  25  cm.  (Wiley  series  in  climate 
and  the  biosphere).  A  Wiley-Interscience  publica¬ 
tion.  Report  of  the  American  Association  for  the 
Advancement  of  Science  Panel  on  Climatic 
Variability,  Climate  Change,  and  the  Planning  and 
Management  of  U.S.  Water  Resources.  Includes 
bibliographical  references  and  index. 

Language:  English 

Descriptors :  Climatic  changes;  United  States; 
Water-supply;  United  States 

70  NAL  Call  No:  SD13.C35 
Climate  change  and  wildfire  in  Canada. 

Flannigan,  M.D.;  Van  Wagner,  C.E. 

Ottawa,  Ont.  :  National  Research  Council  of 
Canada;  1991  Jan. 

Canadian  journal  of  forest  research;  Journal 
canadien  de  recherche  forestiere  v.  21  (1):  p.  66-72. 
maps;  1991  Jan.  Includes  references. 

Language:  English 

Descriptors :  Canada;  Wildfires;  Climatic  change; 
Carbon  dioxide;  Temperature;  Models 

71  NAL  Call  No:  S600.7.C54P37 
Climate  change  and  world  agriculture. 

Parry,  M.  L. 

London  :  Earthscan  Publications  Limited  in  asso¬ 
ciation  with  The  International  Institute  for  Applied 
Systems  Analysis  [and]  United  Nations  Environ¬ 
ment  Programme;  1990. 

xv,  157  p.  :  ill.,  maps  ;  23  cm.  Includes  bibliographi¬ 
cal  references  (p.  [135J-149)  and  index. 

Language:  English 

Descriptors'.  Agriculture;  Climatic  changes 

72  NAL  Call  No:  S600.7.C54M3 
Climate  change  and  world  food  production. 

McQuigg,  James  D. 

Gainesville,  Fla?  :  University  of  Florida?,  1975?; 


1975. 

13,  [17]  leaves  :  ill.  ;  28  cm.  Cover  title.  An  address 
to  the  University  of  Florida  Frontiers  of  Science 
Series,  Gainesville,  Florida,  23  April  1975.  Bibliog¬ 
raphy:  leaf  [14], 

Language:  English 

Descriptors :  Crops  and  climate;  Agricultural  pro¬ 
ductivity;  Food  supply 

73  NAL  Call  No:  aHD1751.A42 
Climate  change  could  cause  shifts  in  production. 

Reilly,  J.;  Tobey,  J. 

Rockville,  Md.  :  The  Service;  1991  May. 
Agricultural  outlook  AO  -  U.S.  Department  of 
Agriculture,  Economic  Research  Service  (174):  p. 
30-34;  1991  May. 

Language:  English 

Descriptors:  Climatic  change;  Economic  impact; 
Yields;  Agricultural  production;  Carbon  dioxide 

74  NAL  Call  No:  NBUQC981.8  G56  C54  1991 
Climate  change  evaluating  the  socio-economic  im¬ 
pacts. 

Organisation  for  Economic  Co-operation  and  De¬ 
velopment 

Paris  :  Organisation  for  Economic  Co-operation 
and  Development;  1991. 

109  p.  :  ill.  ;  23  cm.  Includes  bibliographical  refer¬ 
ences. 

Language:  English 
Descriptors:  Global  warming 

75  NAL  Call  No:  QC981.8.C5157 
Climate  change  the  IPCC  scientific  a  ssessment. 
Houghton,  John  Theodore;  Jenkins,  G.  J.; 
Ephraums,  J.  J. 

Intergovernmental  Panel  on  Climate  Change;  In¬ 
tergovernmental  Panel  on  Climate  Change, 
Working  Group  1 

Cambridge  ;  New  York  :  Cambridge  University 
Press;  1990. 

xxxix,  364  p.  :  ill.  (some  col.),  maps  ;  31  cm.  "Report 
prepared  for  IPCC  by  Working  Group  1",  7th 
prelim,  p.  Published  for  the  Intergovernmental 
Panel  on  Climate  Change.  Includes  bibliographical 

references. 

Language:  English 

Descriptors:  Climatic  changes;  Greenhouse  gases; 
Greenhouse  effect,  Atmospheric 
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76  NAL  Call  No:  281.8  C16 
Climate  change,  factors  and  forecasts. 

Wilson,  W.R. 

Ottawa  :  Canadian  Agricultural  Economics  and 
Farm  Management  Society;  1990  Dec. 

Canadian  journal  of  agricultural  economics;  Revue 
Canadienne  d’economie  rurale  v.  38  (4,pt.l):  p. 
667-683;  1990  Dec.  Paper  presented  at  a 
Workshop,  July  23-25,  1990,  Penticton,  British  Co¬ 
lumbia.  Includes  references. 

Language:  English 

Descriptors :  Climatic  change;  Air  pollution; 
Trends;  Gases 

77  NAL  Call  No:  NBUQC981.8.C5C541  1987 
Climate  crisis  the  societal  impacts  associated  with 
the  1982-83  worldwide  climate  anomalies.  (Im¬ 
pact,  climate  crisis  Lugano  report  The  Societal 
impacts  associated  with  the  1982-83  worldwide 
climate  anomalies.) 

Glantz,  Michael  H.;  Katz,  Richard  W.;  Krenz, 
Maria 

National  Center  for  Atmospheric  Research  (U.S.), 
Environmental  and  Societal  Impacts  Group, 
United  Nations  Environment  Programme 
Boulder,  Colo.  :  Environmental  and  Societal  Im¬ 
pacts  Group,  National  Center  for  Atmospheric  Re¬ 
search  ;  New  York,  N.Y.  :  Obstainable  from 
United  Nations  Publications;  1987. 

105  p.  :  col.  ill.,  col.  maps  ;  28  cm.  Cover  title:  Im¬ 
pact,  climate  crisis.  Running  title:  Lugano  report. 
Report  based  on  the  Workshop  on  the  Economic 
and  Societal  ImpactsAssociated  with  the  1982-83 
Worldwide  Climate  Anomalies,  11-13  November 
1985,  Lugano,  Switzerland.  Includes  bibliographi¬ 
cal  references. 

Language:  English 

Descriptors :  Climatic  changes,  Social  aspects; 
Climatology,  Social  aspects;  Climatic  extremes,  So¬ 
cial  aspects;  Environmental  impact  analysis,  Social 
aspects 

78  NAL  Call  No:  QC981.8.C5C48 
The  Climate  of  Europe  past,  present  and  future  : 
natural  and  man-induced  climate  changes  :  a 
European  perspective. 

Flohn,  Hermann;  Fantechi,  Roberto 
Commission  of  the  European  Communities 
Dordrecht  ;  Boston  :  Reidel;  1984. 
x,  356  p. :  ill.,  maps  ;  25  cm.  (Atmospheric  sciences 
library).  At  head  of  title:  Commission  of  the 
European  Communities.  Includes  bibliographical 


references  (p.  315-350)  and  index. 

Language:  English 

Descriptors :  Climatic  changes;  Europe 

79  NAL  Call  No:  QC981.8.C5K65 
Climate  shocks  natural  and  anthropogenic. 
Kondrat 

New  York  :  Wiley;  1988. 

xviii,  296  p.  :  ill.  ;  24  cm.  (Wiley  series  in  climate 
and  the  biosphere).  A  Wiley-Interscience  publica¬ 
tion.  Includes  bibliographical  references  and  index. 

Language:  English;  Russian 

Descriptors :  Climatic  changes;  Greenhouse  effect, 
Atmospheric;  Volcanoes;  Nuclear  explosions 

80  NAL  Call  No:  KF27.C697  1989 
Climate  surprises  hearing  before  the  Subcommit¬ 
tee  on  Science,  Technology,  and  Space  of  the  Com- 
mittee  on  Commerce,  Science,  and 
Transportation,  United  States  Senate,  One 
Hundred  First  Congress,  first  session,  on  possible 
climate  surprises,  predicting  greenhouse  warning 
[i.e.  warming],  May  8,  1989. 

United  States.  Congress.  Senate.  Committee  on 
Commerce,  Science,  and  Transportation.  Subcom¬ 
mittee  on  Science,  Technology,  and  Space 
Washington,  [D.C.]  :  U.S.  G.P.O.  :  For  sale  by  the 
Supt.  of  Docs.,  Congressional  Sales  Office,  U.S. 
G.P.O. ;  1989;  Y  4.C  73/7:S.hrg.l01-128. 
iii,  152  p.  :  ill.  ;  24  cm.  (S.  hrg.  ;  101-128).  Distrib¬ 
uted  to  some  depository  libraries  in  microfiche.  In¬ 
cludes  bibliographical  references. 

Language:  English 

Descriptors:  Climatic  changes;  Greenhouse  effect, 
Atmospheric;  Global  warming;  Environmental 
protection;  United  States 

81  NAL  Call  No:  GB395A73 
Climate,  tree-ring,  and  glacial  fluctuations  in  the 
Rio  Frias  Valley,  Rio  Negro,  Argentina. 

Villalba,  R.;  Leiva,  J.C.;  Rubulls,  S.;  Suarez,  J.; 
Lenzano,  L. 

Boulder,  Colo. :  Institute  of  Arctic  and  Alpine  Re¬ 
search,  University  of  Colorado;  1990  Aug. 

Arctic  and  alpine  research  v.  22  (3):  p.  215-232.  ill., 
maps;  1990  Aug.  Includes  references. 

Language:  English 

Descriptors:  Argentina;  Climatic  change;  Moraine 
soils;  Glacial  soils;  Date;  Dendrochronology; 
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Growth  rings;  Width;  Historical  records 

82  NAL  Call  No:  Q11J68 
Climate  trends  in  Iowa. 

Carlson,  R.E. 

Cedar  Falls,  Iowa  :  The  Academy;  1990  Sep. 

The  Journal  of  the  Iowa  Academy  of  Science  : 
JIAS  v.  97  (3):  p.  77-81;  1990  Sep.  Includes  refer¬ 
ences. 

Language:  English 

Descriptors:  Iowa;  Agroclimatology;  Air  tempera¬ 
ture;  Climatic  change;  Heat  stress;  Trends; 
Weather  data 

83  NAL  Call  No:  aSD433.A53  no.65 
Climate  variability  and  ecosystem  response 
proceedings  of  a  long-term  ecological  research 
workshop,  Niwot  Ridge/Green  Lakes  Valley  LTER 
site,  Mountain  Research  Station,  University  of 
Colorado,  Boulder,  Colorado,  August  21-23,  1988. 
Greenland,  David, 1940-;  Swift,  Lloyd  Wesley, 
Southeastern  Forest  Experiment  Station  (As¬ 
heville,  N.C.) 

Asheville,  N.C.  :  U.S.  Dept,  of  Agriculture,  Forest 
Service,  Southeastern  Forest  Experiment  Station; 
1990;  A  13.88:SE-65. 

iv,  90  p.  :  ill.,  maps  ;  28  cm.  (General  technical 
report  SE  ;  65).  "October  1990",  P.  [2]  of  cover. 
Includes  bibliographical  references. 

Language:  English 

Descriptors :  Bioclimatology;  Ecology;  Climatic 
changes 

84  NAL  Call  No:  GB395.A73 
Climate  variations  in  northern  North  America 
(6000  BP  to  present)  reconstructed  from  pollen 
and  tree-ring  data. 

Diaz,  H.F.;  Andrews,  J.T.;  Short,  S.K. 

Boulder,  Colo.  :  Institute  of  Arctic  and  Alpine  Re¬ 
search,  University  of  Colorado;  1989  Feb. 

Arctic  and  alpine  research  v.  21  (1):  p.  45-59.  maps; 
1989  Feb.  Includes  references. 

Language:  English 

Descriptors'.  Alaska;  Canada;  Greenland;  Pollen 
analysis;  Growth  rings;  Climatic  change;  Temper¬ 
atures;  Precipitation;  Summer 

85  NAL  Call  No:  S600.7.G56C57  1989 
Climate  warming  and  Canada’s  comparative  po¬ 
sition  in  agriculture  a  summary  of  Land  Evalua¬ 
tion  Group  report,  Implications  of  climatic 


warming  for  Canada’s  comparative  position  in 
agricultural  production  and  trade  (publication 
no.  LEG-27).  (Rechauffement  climatique  et  posi¬ 
tion  relative  du  Canada  en  agriculture.) 

Smit,  Barry 

University  of  Guelph,  Land  Evaluation  Group, 
Canada,  Atmospheric  Environment  Service 
Ottawa  :  Environment  Canada;  1989. 

9,  10  p.  ;  28  cm.  (Climate  change  digest,  CCD  89- 
01).  Title  on  added  t.p.:  Rechauffement  climatique 
et  position  relative  du  Canada  en  agriculture.  Eng¬ 
lish  and  French. 

Language:  English;  French 

Descriptors :  Global  warming;  Crops  and  climate; 
Crops  and  climate 

86  NAL  Call  No:  QC994.8.C6  no.44 
The  Climates  of  the  long-term  ecological  research 
sites. 

Greenland,  David, 

National  Science  Foundation  (U.S.),  Division  of 
Biotic  Systems  and  Resources,  University  of 
Colorado,  Boulder,  Institute  of  Arctic  and  Alpine 
Research 

Boulder,  Colo.  :  Institute  of  Arctic  and  Alpine  Re¬ 
search,  University  of  Colorado;  1987. 

81  p.  :  ill.  ;  28  cm.  (Occasional  paper  /  University 
of  Colorado  Institute  of  Arctic  and  Alpine  Re¬ 
search,  44).  Funded  by  the  National  Science  Foun¬ 
dation,  Division  of  Biotic  Systems  and  Resources. 
Bibliography:  p.  74. 

Language:  English 

Descriptors:  Bioclimatology,  United  States;  Ecol¬ 
ogy,  United  States;  Climatic  changes,  United 
States 

87  NAL  Call  No:  QC981.8.C5P57 
Climatic  catastrophes  the  international  implica¬ 
tions  of  the  greenhouse  effect  and  nuclear  winter. 

Pittock,  A.  Barrie, 

Australian  National  University,  Peace  Research 
Centre 

Canberra  :  Australian  National  University,  Re¬ 
search  School  of  Pacific  Studies;  1987. 

27  p.  ;  30  cm.  (Working  paper  (Australian  National 
University.  Peace  Research  Centre)  ;  no.  20.).  July 
1987.  This  paper  is  an  edited  and  slightly  updated 
version  of  one  to  be  published  in  Natural  and  Man- 
Made  Hazards  ed.  M.I.  El-Sabh  and  T.S.  Murty 
(Reidel  Pub.  Co.,  Dordrecht,  1987).  Bibliography: 
p.  24-27. 
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Language:  English 

Descriptors :  Greenhouse  effect,  Atmospheric; 
Climate  changes;  Nuclear  winter 

88  NAL  Call  No:  SD13.C35 
Climatic  change:  a  review  of  causes. 

Harrington,  J.B. 

Ottawa,  Ont.  :  National  Research  Council  of 
Canada;  1987  Nov. 

Canadian  journal  of  forest  research;  Journal 
canadien  de  recherche  forestiere  v.  17  (11):  p. 
1313-1339.  ill.,  maps,  ,  plates;  1987  Nov.  Literature 
review.  Includes  references. 

Language:  English 

Descriptors:  North  America;  Forests;  Geographical 
distribution;  Climatic  change;  Prediction;  Environ¬ 
mental  temperature;  Environmental  factors; 
Geological  processes;  Carbon  dioxide;  Human  ac¬ 
tivity 

89  NAL  Call  No:  58.9  IN7 
Climatic  change  and  field  drainage. 

Armstrong,  A.C.;  Castle,  D.A. 

Silsoe  :  Institution  of  Agricultural  Engineers;  1989. 
The  Agricultural  engineer  v.  44  (4):  p.  126-127.  ill; 
1989.  Includes  references. 

Language:  English 

Descriptors :  Uk;  Climatic  change;  Drainage;  Soil 
water;  Water  management;  Flood  control 

90  NAL  Call  No:  470  SCI2 
Climatic  change  and  forests. 

Binkley,  C.S. 

Washington,  D.C.  :  American  Association  for  the 
Advancement  of  Science;  1989  Feb24. 

Science  v.  243  (4894):  p.  991;  1989  Feb24.  Includes 
references. 

Language:  English 

Descriptors:  Finland;  Forests;  Climatic  change; 
Carbon  dioxide;  Growth  rate 

91  NAL  Call  No:  QC980.C55 
Climatic  change  and  grain  corn  yields  in  the 
North  American  Great  Plains. 

Liverman,  D.M.;  Terjung,  W.H.;  Hayes,  J.T.; 
Mearns,  L.O. 

Dordrecht  :  D.  Reidel  Pub.  Co;  1986  Dec. 
Climatic  change  v.  9  (3):  p.  327-347;  1986  Dec.  In¬ 
cludes  references. 

Language:  English 


Descriptors:  U.S.A.;  Zea  mays;  Crop  yield;  Mathe¬ 
matical  models;  Irrigation  requirements;  Climatic 
change;  Water  use;  Efficiency,  Climatic  factors; 
Environmental  factors;  Evapotranspiration;  Car¬ 
bon  dioxide;  Plains 

92  NAL  Call  No:  QL750.O3 
Climatic  change  and  its  ecological  implications  at 
a  subantarctic  island. 

Smith,  V.R.;  Steenkamp,  M. 

Berlin,  W.  Ger.  :  Springer  International;  1990. 
Oecologia  v.  85  (1):  p.  14-24.  ill;  1990.  Includes  ref¬ 
erences. 

Language:  English 

Descriptors:  Antarctica;  Plant  ecology;  Mice; 
Climatic  change;  Cycling;  Islands 

93  NAL  Call  No:  10  OU8 
Climatic  change  and  its  implications  for  agricul¬ 
ture. 

Parry,  M.L.;  Porter,  J.H.;  Carter,  T.R. 

Oxon  :  C-A.B.  International;  1990. 

Outlook  on  agriculture  v.  19  (1):  p.  9-15.  maps; 
1990.  Includes  references. 

Language:  English 

Descriptors:  Agricultural  production;  Climatic 
change;  Air  pollution;  Air  temperature;  Carbon 
dioxide;  Crop  yield;  Growth  period;  Methane; 
Nitrous  oxide;  Weather 

94  NAL  Call  No:  SB123J.C57 
Climatic  change  and  plant  genetic  resources. 

Jackson,  M.  T.1948-;  Ford-Lloyd,  Brian;  Parry,  M. 
L. 

London  ;  New  York  :  Belhaven  Press;  1990. 
xii,  190  p.  :  ill.  ;  24  cm. 

Language:  English 

Descriptors:  Crops;  Germplasm  resources;  Crops 
and  climate;  Climatic  changes;  Germplasm  re¬ 
sources,  Plant;  Vegetation  and  climate 

95  NAL  Call  No:  TC423.W33 
Climatic  change  and  streamflow  in  the  Southwest. 

Osborn,  H.B.;  Lane,  L.J. 

New  York  :  American  Society  of  Civil  Engineers; 
1984. 

Water  today  and  tomorrow  :  proc.  of  Specialty 
Conf.  sponsored  by  Irrigation  and  Drainage  Div. 
of  Am.  Soc.  Civil  Engineers,  Flatstaff,  Az.,  July  24- 
26,  1984  /  John  A.  Replogle  and  Kenneth  G. 
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Renard,  Editors,  p.  362-371.  maps;  1984.  Includes 
references. 

Language:  English 

Descriptors:  Weather  patterns;  Stream  flow;  Rain; 
Flood  control 

96  NAL  Call  No:  GB611.P7 
Climatic  change,  hydrology,  and  water  manage¬ 
ment  in  arid  lands. 

Dracup,  JA. 

Totowa,  N.J.  :  Rowman  &  Littlefield;  1987. 
Progress  in  desert  research  /  edited  by  Louis 
Berkofsky  and  Morton  G.  Wurtele.  p.  217-225; 
1987.  Includes  references. 

Language:  English 

Descriptors:  Arid  lands;  Climatic  change; 
Hydrological  factors;  Water  resource  manage¬ 
ment;  Planning 

97  NAL  Call  No:  281.8  C16 
Climatic  change  impacts  on  forestry:  economic  is¬ 
sues. 

Van  Kooten, 

Ottawa  :  Canadian  Agricultural  Economics  and 
Farm  Management  Society;  1990  Dec. 

Canadian  journal  of  agricultural  economics;  Revue 
Canadienne  d’economie  rurale  v.  38  (4,pt.l):  p. 
701-710;  1990  Dec.  Paper  presented  at  a 
Workshop,  July  23-25,  1990,  Penticton,  British  Co¬ 
lumbia.  Includes  references. 

Language:  English 

Descriptors:  Canada;  Timbers;  Forests;  Productiv¬ 
ity;  Climatic  change;  Cost  benefit  analysis;  Welfare 
economics;  Economic  impact 

98  NAL  Call  No:  QE597.W4 
Climatic  change  impacts  on  wind  erosion  in  Sas¬ 
katchewan,  Canada. 

Wheaton,  E.  E. 

Saskatchewan  Research  Council 

Saskatoon,  Saskatchewan  :  Saskatchewan  Research 

Council;  1984. 

iv,  27  leaves  :  maps  ;  28  cm.  (SRC  technical  report 
;  no.  153).  June,  1984.  SRC  publication  no.  E-906- 
16-B-84.  Presented  to:  Task  Force  Meeting  on 
Climate  Impacts  in  High-Latitude  Areas,  April  2 
to  6,  1984,  Laxenburg,  Austria  ;  At  the  request  of 
the  International  Institute  for  Applied  Systems 
Analysis.  Bibliography:  leaves  25-27. 

Language:  English 


Descriptors:  Soil  erosion,  Saskatchewan;  Wind  ero¬ 
sion,  Saskatchewan 

99  NAL  Call  No:  517  OT81 
Climatic  change:  implications  for  the  prairies. 

Stewart,  R.B. 

Ottawa  :  Royal  Society  of  Canada;  1986. 
Transactions  of  the  Royal  Society  of  Canada; 
Memoires  de  la  Societe  royale  du  Canada  v.  1 
(ser.5):  p.  67-96.  maps;  1986.  Paper  presented  at 
the  symposium  "The  Prairies  and  Canada",  Univer¬ 
sity  of  Manitoba,  June  2-4,  1986.  Literature  review. 
Includes  references. 

Language:  English 

Descriptors:  Saskatchewan;  Canada;  U.S.A.; 
Triticum  aestivum;  Spring  wheat;  Prairies;  Climatic 
change;  Drought;  Yield  forecasting;  Models 

100  NAL  Call  No:  GB4512.B66 
Climatic  change,  rising  sea  level  and  the  British 
coast. 

Boorman,  L.  A.;  Goss-Custard,  J.  D.;  McGrorty,  S. 
Institute  of  Terrestrial  Ecology 
London  :  H.M.S.O.;  1989. 

24  p.  :  col.  ill.,  map  ;  30  cm.  (ITE  research  publi¬ 
cation  ;  no.  1).  At  head  of  title:  Natural  Environ¬ 
ment  Research  Council,  Institute  of  Terrestrial 
Ecology.  Includes  bibliographical  references  (p. 
24). 

Language:  English 
Descriptors:  Coasts;  Sea  level 

101  NAL  Call  No:  4  AM34P 
Climatic  change,  weather  variability,  and  corn 
production. 

Thompson,  L.M. 

Madison,  Wis.  :  American  Society  of  Agronomy; 
1986  Jul. 

Agronomy  journal  v.  78  (4):  p.  649-653;  1986  Jul. 
Includes  25  references. 

Language:  English 

Descriptors:  North  central  states  of  U.S.A.;  Zea 
mays;  Climatic  factors;  Weather;  Rain;  Nitrogen 
fertilizers;  Temperature;  Technology;  Trends;  Car¬ 
bon  dioxide;  Genetic  factors;  Models;  Crop  pro¬ 
duction 

102  NAL  Call  No:  QH1J62 
Climatic  response  surfaces  from  pollen  data  for 
some  eastern  North  American  taxa. 

Barllein,  P.J.;  Prentice,  I.C.;  Webb,  T.  Ill 
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Oxford  :  Blackwell  Scientific  Publications;  1986 
Jan. 

Journal  of  biogeography  v.  13  (1):  p.  35-57;  1986 
Jan.  Includes  references. 

Language:  English 

Descriptors'.  North  America;  Climatic  change;  En¬ 
vironmental  factors;  Plant  ecology;  Pollen  analysis; 
Precipitation'  Temperature 

103  NAL  Call  No:  S600.43.M37I5  1990 
Climatic  risk  in  crop  production  models  and  man¬ 
agement  for  the  semiarid  tropics  and  subtropics 
:  proceedings  of  the  International  Symposium  on 
Climatic  Risk  in  Crop  Production  :  models  and 
management  for  the  semiarid  tropics  and  sub¬ 
tropics,  held  in  Brisbane,  Australia,  2-6  July,  1990. 
Muchow,  Russell  C.;  Bellamy,  J.  A. 

International  Symposium  on  Climatic  Risk  in  Crop 
Production  1990  :  Brisbane,  Qld. 

Wallingford,  UK  ;  [Tucson,  AZ,  USA]  :  CAB  In¬ 
ternational;  1991. 

x,  548  p.  :  ill.,  maps  ;  24  cm.  Includes  bibliographi¬ 
cal  references  and  index. 

Language:  English 

Descriptors:  Climatic  changes;  Crops  and  climate; 
Arid  regions  agriculture 

104  NAL  Call  No:  500  AS73 
Climatic  variability  and  tree  response  within  the 
forest-alpine  tundra  ecotone. 

Hansen-Bristow,  K.J.;  Ives,  J.D.;  Wilson,  J.P. 
Washington,  D.C.  :  The  Association;  1988  Sep. 
Annals  of  the  Association  of  American  Geog¬ 
raphers  v.  78  (3):  p.  505-519.  ill;  1988  Sep.  Includes 
references. 

Language:  English 

Descriptors:  Colorado;  Air  temperature;  Climatic 
change;  Ecotones;  Forest  ecology;  Forest  trees; 
Growth  rings;  Treelines  and  timberlines;  Tundra 

105  NAL  Call  No:  292.9  AM34 
Climatic  variation  and  surface  water  resources  in 
the  Great  Basin  Region. 

Flaschka,  I.;  Stockton,  C.W.;  Boggess,  W.R. 
Minneapolis,  Minn.  :  American  Water  Resources 
Association;  1987  Feb. 

Water  resources  bulletin  v.  23  (1):  p.  47-57.  maps; 
1987  Feb.  Includes  references. 

Language:  English 

Descriptors:  Great  basin  and  pacific  slope;  Surface 


water;  Water  resources;  Climatic  change;  Runoff 
water;  Air  pollution;  Carbon  dioxide;  Water  bal¬ 
ance;  Projections;  Models 

106  NAL  Call  No:  QC980.C55 
Climatic  variation  and  trends  in  the  boreal  forest 
region  of  western  Canada. 

Singh,  T.;  Powell,  J.M. 

Dordrecht  :  D.  Reidel  Pub.  Co;  1986  Jun. 
Climatic  change  v.  8  (3):  p.  267-278.  maps;  1986 
Jun.  Includes  references. 

Language:  English 

Descriptors:  Canada;  Boreal  forests;  Climatic 
change;  Trends;  Temperature;  Precipitation;  His¬ 
torical  records;  Plant  ecology;  Forests 

107  NAL  Call  No:  410  EC7 
Climatically  induced  change  in  fire  frequency  in 
the  southern  Canadian  Rockies. 

Johnson,  E.A.;  Larsen,  C.P.S. 

Tempe,  Ariz.  :  The  Society;  1991  Feb. 

Ecology  :  a  publication  of  the  Ecological  Society 
of  America  v.  72  (1):  p.  194-201.  maps;  1991  Feb. 
Includes  references. 

Language:  English 

Descriptors:  Alberta;  Picea  engelmannii;  Pinus  con- 
torta;  Forest  fires;  Climatic  change;  Frequency; 
History;  Mountain  areas;  Watersheds 

108  NAL  Call  No:  aQK751.U7  1988 
C02-induced  climate  change  and  forest  resources. 

Graham,  R.L.;  Turner,  M.G.;  Dale,  V.H. 
Broomall,  PA  :  Northeastern  Forest  Experiment 
Station,  [1989?];  1989  Sep. 

Air  pollution  effects  on  vegetation,  including  forest 
ecosystems  :  proceedings  of  the  Second  US-USSR 
Symposium  /  edited  by  Reginald  D.  Noble,  Juri  L. 
Martin,  and  Keith  F.  Jensen,  p.  233-241;  1989  Sep. 
Papers  presented  at  an  International  Conference, 
September  13-25,  1988,  at  Corvallis,  Oregon; 
Raleigh,  North  Carolina;  Gatlinburg,  Tennessee. 
Includes  references. 

Language:  English 

Descriptors:  Forests;  Carbon  dioxide;  Climatic 
change 

109  NAL  Call  No:  QC981.8.C5S358 
The  coevolution  of  climate  and  life. 

Schneider,  Stephen  Henry;  Londer,  Randi 

San  Francisco  :  Sierra  Club  Books;  1984. 

xii,  563  p.  :  ill.  ;  24  cm.  Includes  index.  Bibliogra- 
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phy:  p.  487-548. 

Language:  English 

Descriptors'.  Climatic  changes;  Life  (Biology) 

110  NAL  Call  No:  100  N81  (1)  no.479 

College  of  Agriculture  and  Life  Sciences,  Global 
Climate  Change  Symposium,  April  9,  1990, 
McKimmon  Center  proceedings. 

Bruck,  Robert  I. 

Raleigh,  N.C.  :  North  Carolina  Agricultural  Re¬ 
search  Service,  N.C.  State  University  :  order  from: 
Dept,  of  Agricultural  Communications,  NCSU; 
1990. 

89  p.  :  ill.  ;  28  cm.  (Bulletin  (North  Carolina 
Agricultural  Research  Service)  ;  479.).  April  1990. 
Includes  bibliographical  references. 

Language:  English 


111  NAL  Call  No:  TJ810.A1S6 
A  comparison  of  ultraviolet  radiation  measured 
at  an  arctic  and  an  alpine  site. 

Ambach,  W.;  Blumthaler,  M.;  Wendler,  G. 
Elmsford,  N.Y.  :  Pergamon  Press;  1991. 

Solar  energy  v.  47  (2):  p.  121-126;  1991.  Includes 
references. 

Language:  English 

Descriptors:  Switzerland;  Alaska;  Ultraviolet  radia¬ 
tion;  Measurement;  Solar  energy;  Meteorological 
observations;  High  altitude;  Arctic  regions;  Moun¬ 
tain  areas;  Instrumentation;  Models;  Snow  cover; 
Reflectance 

112  NAL  Cal!  No:  QC912J.C65 
A  Compendium  of  options  for  government  policy 
to  encourage  private  sector  responses  to  potential 
climate  change  report  to  the  Congress  of  the 
United  States  :  executive  summary. 

United  States,  Dept,  of  Energy,  Assistant  Secretary 
for  Environment,  Safety,  and  Health 
Washington,  DC  :  U.S.  Dept,  of  Energy,  Office  of 
Environmental  Analysis,  Assistant  Secretary  for 
Environment,  Safety  and  Health  ;  Springfield,  Va. 
:  Available  from  the  National  Technical  Informa¬ 
tion  Service,  U.S.  Dept,  of  Commerce;  1989. 
xxiii,  94  p.  ;  28  cm.  October  1989.  DOE/EH-0102. 

Language:  English 

Descriptors :  United  States;  Industries;  Environ¬ 
mental  aspects;  Greenhouse  effect,  Atmospheric; 


Climatic  changes 

113  NAL  Call  No:  TD885.5.C3C8 
A  Comprehensive  plan  for  carbon  dioxide  effects 
research  and  assessment. 

United  States,  Dept,  of  Energy,  Carbon  Dioxide 
and  Climate  Division 

Washington,  D.C.  The  Office  ;  Springfield,  Va.  : 
Available  from  National  Technical  Information 
Service,  1980-;  1980-9999. 

v.  :  ill.,  maps  ;  28  cm.  (Carbon  Dioxide  Effects  Re¬ 
search  and  Assessment  Program  (Series)  ;  008, 
013,  etc.).  "DOE/EV-0094''-pt.  1  ; 
"DOE/EV/10019  "-v.il.  UC-11.  Includes 
bibliographies. 

Language:  English 

Descriptors :  Atmospheric  carbon  dioxide;  Climatic 
changes 

114  NAL  Cali  No:  450  P5623 
Computer  calculation  of  solar  ultraviolet  radia¬ 
tion  at  ground  level. 

Bjorn,  L.O.;  Murphy,  T.M. 

Paris  :  Gauthier-Villars;  1985  Sep. 

Physiologie  vegetale  v.  23  (5):  p.  555-561;  1985  Sep. 
Includes  references. 

Language:  English 

Descriptors:  Solar  radiation;  Ultraviolet  radiation; 
Computer  software;  Computer  analysis 

115  NAL  Call  No:  SD390.7.G73G74 
A  conceptual  framework  for  assessing  impacts  of 
carbon  dioxide  change  on  forest  industries. 

Rose,  D.W.;  Ek,  A.R.;  Belli,  K.L. 

Washington,  D.C.  :  Conservation  Foundation; 
1987. 

The  Greenhouse  effect,  climate  change,  and  U.S. 
forests  /  edited  by  William  E.  Shands  and  John  S. 
Hoffman,  p.  259-275.  maps;  1987.  Includes  refe 
ences. 

Language:  English 

Descriptors:  U.S.A.;  Forest  management;  Forest 
products  industries;  Decision  making;  Climatic 
change;  Carbon  dioxide;  Thermal  radiation;  Supply 
balance;  Forest  trees;  Geographical  distribution 

116  NAL  Call  No:  QC981.8.C5C67  1989 
Conference  on  Climate  and  Water,  Helsinki,  Fin¬ 
land,  11-15  September  1989. 

World  Meteorological  Organization,  Finland,  Ym- 
paristoministerio,  Unesco 
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Conference  on  Climate  and  Water  1989  :  Hel¬ 
sinki,  Finland. 

Helsinki  :  Government  Printing  Centre;  1989. 

2  v.  :  ill.  ;  25  cm.  (Suomen  Akatemian  julkaisuja 
;  1989/9).  Includes  bibliographical  references. 

Language:  English 

Descriptors :  Climatic  changes;  Hydrology,  Water 
resources  development 

117  NAL  Call  No:  QC981.8.C5N35 
Confronting  climate  change  strategies  for  energy 
research  and  development. 

National  Research  Council  (U.S.).  Committee  on 
Alternative  Energy  Research  and  Development 
Strategies 

Washington,  D.C.  :  National  Academy  Press;  1990. 
xv,  127  p.  :  ill.  ;  26  cm.  DOE/eh/89927P-Hl.  In¬ 
cludes  bibliographical  references. 

Language:  English 

Descriptors :  Climatic  changes;  Greenhouse  gases; 
Greenhouse  effect,  Atmospheric;  Power  resources 

118  NAL  Call  No:  S541.5.A4M57 
Continental  shelf  carbon  export:  an  organic  sink 
of  the  global  carbon  dioxide  cycle. 

McRoy,  C.P.;  Walsh,  J.J. 

Fairbanks,  Alaska  :  The  Station;  1984  Mar. 
Miscellaneous  publication  -  University  of  Alaska, 
Agricultural  and  Forestry  Experiment  Station  (83- 
1):  p.  49-56.  maps;  1984  Mar.  Includes  references. 

Language:  English 

Descriptors'.  Alaska;  Siberia;  Carbon  dioxide;  Cyclic 
fluctuations;  Biota;  Marine  areas;  Carbon  cycle; 
Oceanography 

119  NAL  Call  No:  QC9123.C6 
Cooling  the  greenhouse  vital  first  steps  to  combat 
global  warming  :  recommendations  for  (J.S. 
policies  and  actions  from  the  Natural  Resources 
Defense  Council. 

Natural  Resources  Defense  Council 
Washington,  D.C.  :  Natural  Resources  Defense 
Council;  1989. 

vi,  72  p.  ;  22  cm.  "Third  printing  (minor  revisions) 
may  1989",  T.p.  verso. 

Language:  English 

Descriptors'.  Greenhouse  effect,  Atmospheric; 
Global  warming 


120  NAL  Call  No:  QC981.8.C5N67  1988 
Coping  with  climate  change  proceedings  of  the 
Second  North  American  Conference  on  Preparing 
for  Climate  Change,  a  cooperative  approach. 
Climate  Institute  (Washington,  D.C.) 

North  American  Conference  on  Preparing  for 
Climate  Change  2nd  :  1988  :  Climate  Institute. 
Washington,  D.C.  :  Climate  Institute;  1989. 
xi,  696  p.,  [4]  leaves  of  plates  :  ill.  ;  28  cm.  Held  in 
Washington,  D.C.,  Dec.  6-8,  1988.  June  1989.  In¬ 
cludes  bibliographical  references. 

Language:  English 

Descriptors :  Climatic  changes;  Congresses; 
Climatic  changes;  North  America;  Congresses 

121  NAL  Call  No:  340.8  AG8 
Crop  responses  to  carbon  dioxide  doubling:  a 
literature  survey. 

Cure,  J.D.;  Acock,  B. 

Amsterdam  :  Elsevier  Science  Publishers;  1986 
Oct. 

Agricultural  and  forest  meteorology  v.  38  (1/3):  p. 
127-145;  1986  Oct.  Includes  references. 

Language:  English 

Descriptors:  Crop  yield;  Carbon  dioxide;  Crop  sen¬ 
sitivity;  Atmosphere;  Water  stress 

122  NAL  Call  No:  QC981.8.C5W66  1986 
Current  issues  in  atmospheric  change  summary 
and  conclusions  of  a  workshop,  October  30-31, 

1986. 

Nordhaus,  William  D. 

National  Research  Council  (U.S.),  Board  on  At¬ 
mospheric  Sciences  and  Climate,  National  Re¬ 
search  Council  (U.S.),  Commission  on  Physical 
Sciences,  Mathematics,  and  Resources 
Workshop  on  Atmospheric  Change  1986  :  Wash¬ 
ington,  D.C. 

Washington,  D.C.  :  National  Academny  Press; 

1987,  reprinted  1987. 

ix,  39  p.  :  ill.  ;  23  cm.  Chairman:  William  D. 
Nordhaus.  "PB88- 1 14335”  on  cover.  Includes 
bibliographical  references  (p.  29). 

Language:  English 

Descriptors:  Climatic  changes;  Congresses;  Atmos¬ 
pheric  ozone;  Reduction;  Congresses 

123  NAL  Call  No:  S5443.V8V53 
A  dendrochronological  study  of  drought  in  the 
Hudson  Valley,  New  York. 

Cook,  E.R. 
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Blacksburg,  Va.  :  The  School;  1981  Aug. 

FWS  -  Virginia  Polytechnic  Institute  and  State 
University,  School  of  Forestry  and  Wildlife  Re¬ 
sources  (2-80):  p.  133-141.  maps;  1981  Aug.  Paper 
presented  at  the  Conference  on  "Dendrology  in 
the  Eastern  Deciduous  Biome,"  September  11-13, 
1979,  Blacksburg,  Virginia.  Includes  references. 

Language:  English 

Descriptors :  New  York;  Forests;  Annual  rings; 
Drought;  Dendroclimatology;  Climatic  change 

124  NAL  Call  No:  QC879.8.D47 
Detecting  the  climatic  efTects  of  increasing  carbon 
dioxide. 

MacCracken,  Michael  C.;  Luther,  F.  M. 
Washington,  D.C.  :  U.S.  Dept,  of  Energy,  Office 
of  Energy  Research,  Office  of  Basic  Energy 
Sciences,  Carbon  Dioxide  Research  Division  ; 
Springfield,  Va.  :  Available  from  National  Techni¬ 
cal  Information  Service,  U.S.  Dept,  of  Commerce; 
1985. 

xxviii,  198  p.  :  ill.  ;  28  cm.  December  1985. 
DOE/ER-0235.  Dist.  category  UC-11.  Includes 
bibliographies  and  indexes. 

Language:  English 

Descriptors :  Atmospheric  carbon  dioxide;  Climatic 
changes 

125  NAL  Call  No:  292.8  W295 
The  development  and  testing  of  a  water  balance 
model  for  climate  impact  assessment:  modeling 
the  Sacramento  Basin. 

Gleick,  P.H. 

Washington,  D.C.  :  American  Geophysical  Union; 
1987  Jun. 

Water  resources  research  v.  23  (6):  p.  1049-1061. 
maps;  1987  Jun.  Includes  references. 

Language:  English 

Descriptors :  California;  Water  balance;  Water 
availability,  Climatic  change;  Hydrology;  Runoff; 
Soil  moisture 

126  NAL  Call  No:  aQK751.U7  1988 
Direct  responses  of  forest  trees  to  rising  atmos¬ 
pheric  carbon  dioxide. 

Norby,  R.J. 

Broomall,  PA  :  Northeastern  Forest  Experiment 
Station,  [1989?];  1989  Sep. 

Air  pollution  effects  on  vegetation,  including  forest 
ecosystems  :  proceedings  of  the  Second  US-USSR 
Symposium  /  edited  by  Reginald  D.  Noble,  Juri  L. 


Martin,  and  Keith  F.  Jensen,  p.  243-249;  1989  Sep. 
Papers  presented  at  an  International  Conference, 
September  13-25,  1988,  at  Corvallis,  Oregon; 
Raleigh,  North  Carolina;  Gatlinburg,  Tennessee. 
Includes  references. 

Language:  English 

Descriptors:  Forest  trees;  Carbon  dioxide; 
Responses;  Climatic  change 

127  NAL  Call  No:  QH344.G562 
Diurnal  C02  exchange  and  photosynthesis  of  the 
Samoa  tropical  forest. 

Ryan,  S. 

Washington,  D.C.  :  American  Geophysical  Union; 

1990  Mar. 

Global  biogeochemical  cycles  v.  4  (1):  p.  69-84. 
maps;  1990  Mar.  Includes  references. 

Language:  English 

Descriptors:  American  samoa;  Tropical  forests; 
Carbon  dioxide;  Gas  exchange;  Photosynthesis; 
Respiration;  Weather;  Wind 

128  NAL  Call  No:  QK710.P55 
Does  climatic  warming  increase  the  risk  of  frost 
damage  in  northern  trees? 

Hanninen,  H. 

Oxford  :  Blackwell  Scientific  Publications;  1991 
Jun. 

Plant,  cell  and  environment  v.  14  (5):  p.  449-454; 

1991  Jun.  Includes  references. 

Language:  English 

Descriptors:  Finland;  Forest  trees;  Buds;  Budding; 
Plant  development;  Timing;  Frost  injury;  Risk; 
Phenology;  Dormancy;  Climatic  change;  Air  tem¬ 
perature;  Simulation  models;  Computer  simula¬ 
tion;  Boreal  forests;  Carbon  dioxide  enrichment 

129  NAL  Call  No:  KF26.E55  1989 
DOE’s  national  energy  plan  and  global  warming 
hearing  before  the  Committee  on  Energy  and  Nat¬ 
ural  Resources,  United  States  Senate,  One 
Hundred  First  Congress,  first  session  ...  July  26, 
1989. 

United  States.  Congress.  Senate.  Committee  on 
Energy  and  Natural  Resources 
Washington  [D.C.]  :  U.S.  G.P.O.  :  For  sale  by  the 
Supt.  of  Docs.,  Congressional  Sales  Office,  U.S. 
G.P.O. ;  1989;  Y  4.En  2:S.hrg.l01-235. 
iii,  155  p.  :  ill.  ;  24  cm.  (S.  hrg.  ;  101-235).  Distrib¬ 
uted  to  some  depository  libraries  in  microfiche.  In¬ 
cludes  bibliographical  references  (p.  69). 
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Language:  English 

Descriptors:  Climatic  changes;  United  States;  En¬ 
ergy  policy;  United  States;  Global  warming 

130  NAL  Call  No:  SB123.3.C57 
Ecological  effects  of  climate  change  on  plant 
populations  and  vegetation  composition  with  par¬ 
ticular  reference  to  the  British  flora. 

Grime,  J.P. 

New  York  :  Belhaven  Press;  1990. 

Climatic  change  and  plant  genetic  resources  / 
edited  by  M.T.  Jackson,  B.V.  Ford-Lloyd,  M.L. 
Parry,  p.  40-60.  maps;  1990.  Literature  review.  In¬ 
cludes  references. 

Language:  English 

Descriptors:  Great  Britain;  Climatic  change;  Car¬ 
bon  dioxide;  Botanical  composition;  Phenology; 
Plant  ecology;  Plant  succession;  Vegetation  types; 
Literature  reviews 

131  NAL  Call  No:  QC981.8.C5E4 
Economic  and  social  measures  of  biologic  and 
climatic  change  final  report. 

United  States,  Dept,  of  Transportation,  Panel  on 
Economic  and  Social  Measures  of  Biologic  and 
Climatic  Change 

Arlington,  Va. :  Institute  for  Defense  Analysis,  Sci¬ 
ence  and  Technology  Division,  (1975?];  1976. 

1  v.  (various  pagings)  :  ill.  (CLAP  monograph  :  6). 
September  1975.  Prepared  for  Department  of 
Transportation,  Climatic  Impact  Assessment  Pro¬ 
gram,  Office  of  the  Secretary  of  Transportation. 
DOT-TST -75-56.  PB  247  72.  Includes  bibliographi¬ 
cal  references. 

Language:  English 

Descriptors:  Climatic  changes;  Social  aspects; 
Climatic  changes;  Economic  aspects;  Air;  Pollu¬ 
tion;  Stratosphere;  Air  quality  management 

132  NAL  Call  No:  HC603.5.A4 
An  economic  perspective  on  the  greenhouse  effect. 

Haynes,  J.;  Fisher,  B.S.;  Jones,  B.P. 

Canberra  :  Australian  Bureau  of  Agricultural  and 
Resource  Economics;  1990  Sep. 

Agriculture  &  resoures  quarterly  v.  2  (3):  p.  307- 
316;  1990  Sep.  Includes  references. 

Language:  English 

Descriptors:  Climatic  change;  Energy  conservation; 
Environmental  protection 


133  NAL  Call  No:  QC980.C55 
The  efTect  of  changing  climate  on  Australian 
biomass  production:  a  preliminary  study. 

Pittock,  A.B.;  Nix,  HA. 

Dordrecht  :  D.  Reidel  Pub.  Co;  1986  Jun. 
Climatic  change  v.  8  (3):  p.  243-255.  maps;  1986 
Jun.  Includes  references. 

Language:  English 

Descriptors:  Australia;  Biomass  determination; 
Climatic  change;  Rain;  Fluctuations;  Carbon 
dioxide;  Historical  records;  Projections;  Models; 
Infrared  radiation;  Plant  damage 

134  NAL  Call  No:  472  N21 
Effect  of  climate  change  on  fire  regimes  in  north¬ 
western  Minnesota. 

Clark,  J.S. 

London  :  Macmillan  Magazines  Ltd;  1988  Jul21. 
Nature  v.  334  (6179):  p.  233-235;  1988  Jul21.  In¬ 
cludes  references. 

Language:  English 

Descriptors:  Minnesota;  Forest  fires;  Forest  ecol¬ 
ogy;  Climatic  change 

135  NAL  Call  No:  QH540.N3 
The  effect  of  enhanced  solar  UV-B  radiation  on 
motile  microorganisms. 

Hader,  D.P. 

Berlin,  W.  Ger.  :  Springer-Verlag;  1986. 

NA.T.O.  A.S.I  (Advanced  Study  Institute)  series. 
Series  G.  Ecological  sciences  v.  8:  p.  223-233.  ill; 
1986.  Paper  presented  at  the  "Workshop  on  The 
Impact  of  Solar  Ultraviolet  Radiation  upon  Ter- 
restial  Ecosystems:  1.  Agricultural  Crops,"  Sept  27- 
30,  1983,  Windsheim,  West  Germany.  Includes 
references. 

Language:  English 

Descriptors:  Dictyostelium;  Euglena  gracilis;  Phor- 
midium  uncinatum;  Ultraviolet  radiation;  Develop¬ 
ment;  Motility;  Phototaxis;  Solar  radiation 

136  NAL  Call  No:  QH344.G562 
Effect  of  model  structure  on  the  response  of  ter¬ 
restrial  biosphere  models  to  C02  and  tempera¬ 
ture  increases. 

Harvey,  L.D.D. 

Washington,  D.C.  :  American  Geophysical  Union; 
1989  Jun. 

Global  biogeochemical  cycles  v.  3  (2):  p.  137-153; 
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1989  Jun.  Includes  references. 

Language:  English 

Descriptors :  Atmosphere;  Air  temperature;  Carbon 
cycle;  Carbon  dioxide;  Detritus;  Ecosystems; 
Photosynthesis;  Respiration;  Soil  biology;  Simula¬ 
tion  models 

137  NAL  Call  No:  S601A34 
Effects  of  atmospheric  C02  enrichment  on  plant 
growth:  the  interactive  role  of  air  temperature. 

Idso,  S.B.;  Kimball,  B.A.;  Anderson,  M.G.; 
Mauney,  J.R. 

Amsterdam  :  Elsevier;  1987  Nov. 

Agriculture,  ecosystems  and  environment  v.  20  (1): 
p.  1-10;  1987  Nov.  Includes  references. 

Language:  English 

Descriptors :  Arizona;  Daucus  carota;  Raphanus 
sativus;  Eichhornia  crassipes;  Azolla  pinnata;  Car¬ 
bon  dioxide  enrichment;  Air  temperature;  Growth 
rate 

138  NAL  Call  No:  QC988.A66G4 
Effects  of  change  in  land  use  on  climate  in  the 
humid  tropics. 

Henderson-Sellers,  A. 

New  York  :  John  Wiley  for  the  United  Nations 
University;  1987. 

The  Geophysiology  of  Amazonia  :  vegetation  and 
climate  interactions  /  Robert  E.  Dickinson,  editor, 
p.  463-493;  1987.  Literature  review.  Includes  refer¬ 
ences. 

Language:  English 

Descriptors :  Brazil;  Climate;  Climatic  change; 
Deforestation;  Forest  influences;  Human  activity; 
Humid  tropics;  Land  use;  Models;  Precipitation; 
Rain;  Statistical  analysis;  Tropical  rain  forests 

139  NAL  Call  No:  SB123.3.C57 
Effects  of  changes  in  climate  and  physiology 
around  the  dry  limits  of  agriculture  in  the  tropics. 

Squire,  G.R. 

New  York  :  Belhaven  Press;  1990. 

Climatic  change  and  plant  genetic  resources  / 
edited  by  M.T.  Jackson,  B.V.  Ford-Lloyd,  M.L. 
Parry,  p.  116-147;  1990.  Literature  review.  Includes 
references. 

Language:  English 

Descriptors :  Climatic  change;  Dry  conditions; 
Agropastoral  systems;  Genotypes;  Plant  breeding; 
Plant  physiology;  Tropics;  Literature  reviews 


140  NAL  Call  No:  QH540.E23 
The  effects  of  climate  change  on  decomposition 
processes  in  grassland  and  coniferous  forests. 
Anderson,  I.M. 

Tempe,  Ariz. :  Ecological  Society  of  America;  1991 
Aug. 

Ecological  applications  v.  1  (3):  p.  326-347;  1991 
Aug.  Includes  references. 

Language:  English 

Descriptors :  Climatic  change;  Coniferous  forests; 
Grasslands;  Decomposition;  Carbon  dioxide;  Or¬ 
ganic  matter;  Humus;  Temperature;  Tundra 

141  NAL  Call  No:  290.9  AM3PS  (IR) 
Effects  of  climate  change  on  U.S.  irrigation. 

Peterson,  D.F.;  Keller,  AA, 

New  York,  N.Y.  :  American  Society  of  Civil  En¬ 
gineers;  1990  Mar. 

Journal  of  irrigation  and  drainage  engineering  v. 
116  (2):  p.  194-210;  1990  Mar.  Includes  references. 

Language:  English 

Descriptors :  U.S.A.;  Irrigation;  Irrigation  require¬ 
ments;  Climatic  change;  Precipitation; 
Evapotranspiration;  Carbon  dioxide 

142  NAL  Call  No:  292.9  AM34 
Effects  of  climatic  change  on  the  Thornthwaite 
moisture  index. 

McCabe,  GJ.  Jr;  Wolock,  D.M.;  Hay,  L.E.;  Ayers, 
MA. 

Minneapolis,  Minn.  :  American  Water  Resources 
Association;  1990  Aug. 

Water  resources  bulletin  v.  26  (4):  p.  633-643. 
maps;  1990  Aug.  Includes  references. 

Language:  English 

Descriptors:  U.S.A.;  Water  balance;  Climatic 
change;  Temperature;  Precipitation;  Carbon 
dioxide;  Evapotranspiration;  Drought;  Indexes 

143  NAL  Call  No:  450  AN7 
The  effects  of  elevated  concentrations  of  carbon 
dioxide  on  individual  plants,  populations,  commu¬ 
nities  and  ecosystems. 

Woodward,  F.I.;  Thompson,  G.B.;  McKee,  I.F. 
London  :  Academic  Press;  1991  Jun. 

Annals  of  botany  v.  67  (suppl.l):  p.  23-38;  1991  Jun. 
Literature  review.  Includes  references. 

Language:  English 
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Descriptors :  Plant  physiology;  Carbon  dioxide;  En¬ 
richment;  Growth;  Plant  ecology;  Plant  communi¬ 
ties;  Ecosystems;  Climatic  change;  Literature 
reviews 

Abstract:  Changes  in  the  atmospheric  concentra¬ 
tion  of  C02,  over  periods  of  millennia,  are  posi¬ 
tively  correlated  with  the  temperature  of  the  world. 
It  is  expected  that  this  positive  correlation  will  be 
manifested  in  the  future,  warmer  ’greenhouse 
world’  with  higher  concentrations  of  C02.  The 
predicted  changes  in  temperature  and  precipitation 
are  expected  to  cause  significant  changes  in  the  dis¬ 
tribution  patterns  of  the  world’s  terrestrial  vegeta¬ 
tion  (Woodward  and  McKee,  1991).  In  addition  to 
this  indirect  effect,  C02  influences  plants  directly 
and  an  increase  in  the  concentration  of  C02  may 
increase  the  rate  of  photosynthesis  in  plants  with 
the  C3  pathway  of  fixation.  Experimental  observa¬ 
tions  often  differ  in  the  degree  and  length  of  this 
stimulation,  reflecting  the  stronger  impact  of  other 
photosynthetic  limitations.  Where  photosynthetic 
stimulation  does  occur  there  is  a  general  decrease 
in  leaf  protein,  which  may  stimulate  rates  of  leaf 
herbivory.  The  well  established  and  associated  in¬ 
crease  in  the  C/N  ratio  of  individual  leaves  should 
reduce  rates  of  leaf  decomposition.  However  the 
few  community  experiments  at  elevated  C02  sug¬ 
gest  little  change  in  the  rate  of  nutrient  cycling  in 
communities.  Stomatal  opening  is  generally 
reduced  as  C02  concentration  increases.  This  fea¬ 
ture  scales  up  through  to  the  community  level, 
however,  it  appears  that  the  total  volume  of  water 
used  by  a  community  is  unlikely  to  alter  with  C02 
alone,  because  plants  tend  to  develop  leafier 
canopies.  This  change,  plus  enhanced  rates  of  root 
development,  indicate  a  greater  potential  for  car¬ 
bon  sequestration  by  terrestrial  ecosystems. 
Monthly  observations  of  atmospheric  C02  concen¬ 
tration  above  the  tundra  over  the  last  14  years  in¬ 
dicate  these  expected  increases  in  the  rates  of  C02 
drawdown  by  the  northern  ecosystems  of  the 
tundra  and  the  boreal  and  temperate  deciduous 
forests.  However,  some  of  this  change  may  be  due 
to  interactions  with  the  warmer  climate  of  the 
1980s  and  perhaps  an  increased  aerial  supply  o 

144  NAL  Call  No:  QH540.N3 

Effects  of  enhanced  ultraviolet-B  radiation  on 
yield  and  disease  incidence  and  severity  for  wheat 
under  field  conditions. 

Biggs,  R.H.;  Webb,  P.G. 

Berlin,  W.  Ger.  :  Springer-Verlag;  1986. 

NA.T.O.  A.S.I  (Advanced  Study  Institute)  series. 
Series  G.  Ecological  sciences  v.  8:  p.  303-311;  1986. 


Paper  presented  at  the  "Workshop  on  The  Impact 
of  Solar  Ultraviolet  Radiation  upon  Terrestial 
Ecosystems:  1.  Agricultural  Crops,"  Sept  27-30, 
1983,  Windsheim,  West  Germany.  Includes  refer¬ 
ences. 

Language:  English 

Descriptors :  Triticum  aestivum;  Ultraviolet  radia¬ 
tion;  Crop  yield;  Cochliobolus  sativus;  Puccinia 
recondita;  Leptosphaeria  nodorum;  Ozone;  Re¬ 
duction;  Biomass  accumulation;  Cultivars;  Varietal 
susceptibility 

145  NAL  Call  No:  QK710.P55 
The  effects  of  increased  atmospheric  carbon 
dioxide  and  temperature  on  carbon  partitioning, 
source-sink  relations  and  respiration. 

Farrar,  J.F.;  Williams,  M.L. 

Oxford  :  Blackwell  Scientific  Publications;  1991 
Oct. 

Plant,  cell  and  environment  v.  14  (8):  p.  819-830; 
1991  Oct.  Literature  review.  Includes  references. 

Language:  English 

Descriptors'.  Plants;  Carbon  dioxide  enrichment; 
Air  temperature;  Photosynthates;  Source  sink  re¬ 
lations;  Sucrose;  Starch;  Dry  matter  distribution; 
Respiration;  Literature  reviews 

146  NAL  Call  No:  QK710.P55 
The  effects  of  increasing  C02  on  crop  photosyn¬ 
thesis  and  productivity:  a  review  of  field  studies. 

Lawlor,  D.W.;  Mitchell,  RA.C. 

Oxford  :  Blackwell  Scientific  Publications;  1991 
Oct. 

Plant,  cell  and  environment  v.  14  (8):  p.  807-818; 
1991  Oct.  Literature  review.  Includes  references. 

Language:  English 

Descriptors:  Crops;  Photosynthesis;  Carbon  dioxide 
enrichment;  Biomass  production;  Water  use  effi¬ 
ciency;  Crop  yield;  Dry  matter  accumulation;  Dry 
matter  distribution;  Field  experimentation;  Litera¬ 
ture  reviews 

147  NAL  Call  No:  450  Rll 
Effects  of  supplemental  ultraviolet-B  radiation  on 
the  growth  and  physiology  of  field-grown  soybean. 
Murali,  N.S.;  Teramura,  A.H. 

Oxford  :  Pergamon  Journals;  1986  Jul. 
Environmental  and  experimental  botany  v.  26  (3): 
p.  233-242;  1986  Jul.  Includes  references. 

Language:  English 
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Descriptors:  Glycine  max;  Ultraviolet  radiation; 
Growth;  Climatic  factors;  Varietal  reactions 

148  NAL  Call  No:  QH540.N3 
Effects  of  ultraviolet-B  radiation  on  the  growth 
and  productivity  of  field  grown  soybean. 

Lydon,  J.;  Teramura,  A.H.;  Summers,  E.G. 

Berlin,  W.  Ger.  :  Springer-Verlag;  1986. 

NA.T.O.  A.S.I  (Advanced  Study  Institute)  series. 
Series  G.  Ecological  sciences  v.  8:  p.  313-325;  1986. 
Paper  presented  at  the  "Workshop  on  The  Impact 
of  Solar  Ultraviolet  Radiation  upon  Terrestial 
Ecosystems:  1.  Agricultural  Crops,"  Sept  27-30, 
1983,  Windsheim,  West  Germany.  Includes  refer¬ 
ences. 

Language:  English 

Descriptors:  Glycine  max;  Ultraviolet  radiation; 
Growth  rate;  Solar  radiation;  Biomass  accumula¬ 
tion;  Cultivars;  Leaf  area 

149  NAL  Call  No:  QH540.N3 
Effects  ot  UV-B  radiation  on  photosynthesis. 

Sisson,  W.B. 

Berlin,  W.  Ger.  :  Springer-Verlag;  1986. 

NA..T.O.  A.S.I  (Advanced  Study  Institute)  series. 
Series  G.  Ecological  sciences  v.  8:  p.  161-169;  1986. 
Paper  presented  at  the  "Workshop  on  The  Impact 
of  Solar  Ultraviolet  Radiation  upon  Terrestial 
Ecosystems:  1.  Agricultural  Crops,"  Sept  27-30, 
1983,  Windsheim,  West  Germany.  Literature 
review.  Includes  references. 

Language:  English 

Descriptors:  Photosynthesis;  Ultraviolet  radiation; 
Ozone;  Reduction;  Chlorophyll  ^M°roplasts; 
Membranes;  Acclimatization;  Tolerances 

150  NAL  Call  No:  410  EC7 
Elevated  atmospheric  C02  effects  on  belowground 
processes  in  C3  and  C4  estuarine  march  commu¬ 
nities. 

Curtis,  P.S.;  Balduman,  L.M.;  Drake,  B.G.;  Whig- 
ham,  D.F. 

Tempe,  Ariz.  :  The  Society;  1990  Oct. 

Ecology  :  a  publication  of  the  Ecological  Society 
of  America  v.  71  (5):  p.  2001-2006;  1990  Oct.  In¬ 
cludes  references. 

Language:  English 

Descriptors:  Maryland;  Scirpus;  Spartina;  Bog 
plants;  Carbon  dioxide;  Climatic  change;  Growth; 
Nitrogen;  Plant  communities;  Rhizomes;  Roots; 
Wetlands 


151  NAL  Call  No:  TJ810.A1S6 
The  empirical  relationship  between  global  radia¬ 
tion  and  global  ultraviolet  (0.290-0.385) 
micrometers  solar  radiation  components. 
Al-Aruri,  S.D. 

Elmsford,  N.Y.  :  Pergamon  Press;  1990. 

Solar  energy  v.  45  (2):  p.  61-64;  1990.  Includes  ref¬ 
erences. 

Language:  English 

Descriptors:  Kuwait;  Solar  radiation;  Components; 
Ultraviolet  radiation;  Measurement 

152  NAL  Call  No:  QC981.8.C5U514 
Energy  and  climate  change  report  of  the  DOE 
Multi-Laboratory  Climate  Change  Committee. 

United  States.  DOE  Multi-Laboratory  Climate 
Change  Committee;  Lawrence  Livermore  National 
Laboratory 

Chelsea,  Mich.  :  Lewis  Publishers;  1990. 

xvi,  161  p.  :  ill.  ;  27  cm.  Includes  bibliographical 

references  (p.  147-160). 

Language:  English 

Descriptors:  Climatic  changes;  Atmospheric  carbon 
dioxide;  Energy  consumption 

153  NAL  Call  No:  Audiocassette  no.155 
Energy,  global  warming  &  sust  [i.e.  sustainable] 
ag  [i.e.  agriculture]  Amory  Lovins.  (Energy, 
global  warming  and  sustainable  agriculture.) 

Lovins,  Amory  B., 

Committee  for  Sustainable  Agriculture,  Audio 
Productions 

Ecological  Farmer  Conference  1990  :  Asilomar, 
Calif. 

Colfax,  CA  :  CSA  ;  [Seattle,  WA  :  Distributed  by] 
Audio  Productions;  1990. 

1  sound  cassette  (ca.  95  min.).  At  head  of  title: 
Ecological  Farmer  Conference  1990.  Presented  at 
the  10th  anniversary  Ecological  Farming  Confer¬ 
ence,  January  12-14,  1990,  at  Asilomar,  Calif.  F 
710. 

Language:  English 

Descriptors:  Global  warming;  Congresses;  Sus¬ 
tainable  agriculture;  Congresses;  Agricultural  ecol¬ 
ogy;  Congresses;  Agricultural;  Energy 
consumption;  Environmental  aspects;  Congresses 

154  NAL  Call  No:  KF27.I5542  1988b 
Energy  policy  implications  of  global  warming 
hearings  before  the  Subcommittee  on  Energy  and 
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Power  of  the  Committee  on  Energy  and  Com¬ 
merce,  House  of  Representatives,  One  Hundredth 
Congress,  second  session,  July  7  and  September 
22,  1988. 

United  States.  Congress.  House.  Committee  on 
Energy  and  Commerce.  Subcommittee  on  Energy 
and  Power 

Washington,  [D.C.]  :  U.S.  G.P.O.  :  For  sale  by 
the  Supt.  of  Docs.,  Congressional  Sales  Office, 
U.S.  G.P.O. ;  1989;  Y  4.En  2/3:100-229. 
iii,  265  p.  :  ill.,  maps  ;  24  cm.  Cover  title.  Serial 
no.  100-229.  Includes  bibliographies. 

Language:  English 

Descriptors:  Global  warming;  Greenhouse  effect, 
Atmospheric;  United  States;  Atmospheric  carbon 
dioxide;  Environmental  aspects;  United  States 

155  NAL  Call  No:  S600.7.C54E87 
Estimating  effects  of  climatic  change  on  agricul¬ 
ture  in  Saskatchewan,  Canada. 

Williams,  G.  Daniel  V. 

Laxenburg,  Austria  :  International  Institute  for  Ap¬ 
plied  Systems  Analysis  ;  [S.I.]  :  United  Nations  En¬ 
vironment  Programme;  1987. 
v,  147  p. :  ill.  ;  30  cm.  Preprinted  from:  M.L.  Parry, 
T.R.  Carter,  and  N.T.  Konijn  (Eds)  (1987),  The 
impact  of  climatic  variations  on  agriculture. 
Volume  1.  Assessments  in  cool  temperate  and  cold 
regions  (Reidel,  Dordrecht,  The  Netherlands).  In¬ 
cludes  bibliographical  references  (p.  104-112). 

Language:  English 

Descriptors:  Climatic  changes;  Saskatchewan; 
Agriculture;  Saskatchewan;  Crops  and  climate; 
Saskatchewan;  Agricultural  estimating  and  report¬ 
ing;  Saskatchewan;  Agriculture  and  state;  Sas¬ 
katchewan 

156  NAL  Call  No:  SD13.C35 
Estimating  the  effects  of  land-use  change  on 
global  atmospheric  C02  concentrations. 

Dale,  V.H.;  Houghton,  R.A.,  Hall,  C.A.S. 

Ottawa,  Ont.  :  National  Research  Council  of 
Canada;  1991  Jan. 

Canadian  journal  of  forest  research;  Journal 
canadien  de  recherche  forestiere  v.  21  (1):  p.  87-90; 
1991  Jan.  Includes  references. 

Language:  English 

Descriptors:  Asia;  Climatic  change;  Temperature; 
Carbon  dioxide;  Land  use;  Land  clearance 

157  NAL  Call  No:  NBUQC980  E9  1989 


Europhysics  Study  Conference  on  Induced  Criti¬ 
cal  Conditions  in  the  Atmosphere,  Torino,  Italy, 
27-30  September  1989.  (Induced  critical  condi¬ 
tions  in  the  atmosphere.) 

Tartaglia,  A.;  Vadacchino,  M. 

Europhysics  Study  Conference  on  Induced  Critical 
Conditions  in  the  Atmosphere  1989  :  Torino,  Italy. 
Singapore  ;  Teaneck,  New  Jersey  :  World  Scien¬ 
tific;  1990. 

x,  280  p.  :  ill.  ;  23  cm.  Spine  title:  Induced  critical 
conditions  in  the  atmosphere. 

Language:  English 

Descriptors:  Climatology;  Nuclear  winter;  Ozone 
layer  depletion;  Greenhouse  effect.  Atmospheric 

158  NAL  Call  No:  SD390.7.G73G74 
Evidence  for  future  warming:  how  large  and 
when? 

Hansen,  J.;  Lacis,  A.;  Rind,  D.;  Russell,  G.;  Fung, 

I. ;  Lebedeff,  S. 

Washington,  D.C.  :  Conservation  Foundation; 
1987. 

The  Greenhouse  effect,  climate  change,  and  U.S. 
forests  /  edited  by  William  E.  Shands  and  John  S. 
Hoffman,  p.  57-75.  maps;  1987.  Includes  refer¬ 
ences. 

Language:  English 

Descriptors:  Climatic  change;  Models;  Thermal  ra¬ 
diation;  Prediction;  Carbon  dioxide;  Ozone;  World 
problems 

159  NAL  Call  No:  QH541.5.S3E97 
Expected  effects  of  climatic  change  on  marine 
coastal  ecosystems. 

Beukema,  Jan  J.,1935-;  Wolff,  W.  J.;  Brouns,  Joop 

J.  W.  M„ 

Dordrecht  ;  Boston  :  Kluwer  Academic;  1990. 

221  p. :  ill.  ;  27  cm.  (Developments  in  hydrobiology 
;  57).  Papers  from  an  international  workshop  held 
on  Texel,  the  Netherlands,  Nov.  11-15,  1988.  In¬ 
cludes  bibliographical  references. 

Language:  English 

Descriptors:  Marine  ecology;  Coastal  ecology; 
Climatic  changes 

160  NAL  Call  No:  SD390.6.C2E86 
An  Exploration  and  assessment  of  the  implica¬ 
tions  of  climatic  change  for  the  boreal  forest  and 
forestry  economics  of  the  Prairie  Provinces  and 
Northwest  Territories  phase  one. 

Wheaton,  E.  E. 
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Canada,  Atmospheric  Environment  Service,  Sas¬ 
katchewan  Re'search  Council 
Saskatoon,  Saskatchewan  :  Saskatchewan  Re¬ 
search  Council;  1987. 

xxxii,  282  p.  :  ill.,  maps  ;  28  cm.  (SRC  technical 
report  ;  no.  211).  Under  contract  with  the  Atmos¬ 
pheric  Environment  Service,  Environment 
Canada,  DSS  contract  no.  02SE.KM1 11-6-6330. 
November,  1987.  SRC  publication  no.  E-906-36- 
B-87.  Bibliography:  p.  213-235. 

Language:  English 

Descriptors :  Forest  meteorology,  Canada;  Green¬ 
house  effect,  Atmospheric,  Canada;  Climatic 
changes,  Economic  aspects,  Canada;  Forest  influ¬ 
ences,  Canada;  Forests  and  forestry,  Economic 
aspects,  Canada 

161  NAL  Call  No:  501  L84B 
An  exploratory  model  of  the  impact  of  rapid 
climate  change  on  the  world  food  situation. 

Daily,  G.C.;  Ehrlich,  P.R. 

London  :  The  Society;  1990  Sep22. 

Proceedings  of  the  Royal  Society  of  London  :  Se¬ 
ries  B  :  Biological  sciences  v.  241  (1302):  p.  232- 
244;  1990  Sep22.  Includes  references. 

Language:  English 

Descriptors:  Climatic  change;  Famine;  Food  supply; 
Human  population;  Population  growth;  Simulation 
models;  Starvation;  World  food  problems 

162  NAL  Call  No:  QC912.3.W34 
Farming  in  the  greenhouse  what  global  warming 
means  for  American  agriculture. 

Ward,  Justin  R.;  Hardt,  Richard  A.;  Kuhnle, 
Thomas  E. 

Natural  Resources  Defense  Council 
Washington,  D.C.  :  Natural  Resources  Defense 
Council;  1989. 

viii,  33  p.  :  ill.,  maps  ;  28  cm.  March  1989.  Includes 
bibliographical  references. 

Language:  English 

Descriptors:  Greenhouse  effect,  Atmospheric; 
Global  temperature  changes;  Meteorology, 
Agricultural 

163  NAL  Call  No:  Z699.F64 
Focus  on  global  change.  (Focus  on  global  change 
Global  change.) 

Institute  for  Scientific  Information 
Philadelphia,  PA  :  Institute  for  Scientific  Informa¬ 
tion,  1990-;  1990-9999. 


computer  disks  ;  5  1/4  in.  +  user  guide.  Descrip¬ 
tion  based  on:  Vol.  1,  no.  3  (April  2,  1990);  title 
from  disk  label.  User  guide  includes  index. 

Language:  English 

Descriptors:  Global  temperature  changes;  Periodi¬ 
cals;  Bibliography,  Data  bases;  Global  warming; 
Periodicals;  Bibliography;  Data  bases 

164  NAL  Call  No:  292.8  W295 
Foliage  temperature:  effects  of  environmental  fac¬ 
tors  with  implications  for  plant  water  stress  as¬ 
sessment  and  the  C02/climate  connection. 

Idso,  S.B.;  Clawson,  K.L. 

Washington,  D.C.  :  American  Geophysical  Union; 
1986  Nov. 

Water  resources  research  v.  22  (12):  p.  1702-1716; 
1986  Nov.  Includes  references. 

Language:  English 

Descriptors:  Arizona;  Eichhornia  crassipes; 
Medicago  sativa;  Gossypium  hirsutum;  Foliage; 
Temperatures;  Transpiration;  Water  stress;  Car¬ 
bon  dioxide;  Climate;  Climatic  change 

165  NAL  Call  No:  QC988.A66G4 
The  forest  and  the  hydrological  cycle. 

Salati,  E. 

New  York  :  John  Wiley  for  the  United  Nations 
University;  1987. 

The  Geophysiology  of  Amazonia  :  vegetation  and 
climate  interactions  /  Robert  E.  Dickinson,  editor, 
p.  273-296.  ill.,  maps;  1987.  Includes  references. 

Language:  English 

Descriptors:  Brazil;  Climatic  change;  Deforesta¬ 
tion;  Forest  influences;  Humid  tropics;  Hydrologi¬ 
cal  cycle;  Precipitation;  River  basins;  Solar 
radiation;  Water  balance;  Water  vapor 

166  NAL  Call  No:  QH545.A1E52 
Forest  responses  to  tropospheric  ozone  and  global 
climate  change:  an  analysis. 

Kickert,  R.N.;  Krupa,  S.V. 

Essex  :  Elsevier  Applied  Science;  1990. 
Environmental  pollution  v.  68  (1/2):  p.  29-65. 
maps;  1990.  Literature  review.  Includes  references. 

Language:  English 

Descriptors:  Ozone;  Forests;  Climatic  change; 
Ecosystems;  Responses;  Literature  reviews 

167  NAL  Call  No:  SD390.7.G73G74 
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Forestry  research  needs  and  strategies. 

Lee,  J.C.;  Kramer,  P.J. 

Washington,  D.C.  :  Conservation  Foundation; 
1987. 

The  Greenhouse  effect,  climate  change,  and  U.S. 
forests  /  edited  by  William  E.  Shands  and  John  S. 
Hoffman,  p.  295-302;  1987. 

Language:  English 

Descriptors'.  Forestry;  Research  projects;  Planning 
of  research;  Climatic  change;  Carbon  dioxide;  Eco¬ 
nomic  factors 

168  NAL  Cali  No:  99.8  F768 
Forests  to  offset  the  greenhouse  effect. 

Sedjo,  R.A. 

Bethesda,  Md.  :  Society  of  American  Foresters; 
1989  Jul. 

Journal  of  forestry  v.  87  (7):  p.  12-15.  ill.,  maps; 
1989  Jul.  Includes  references. 

Language:  English 

Descriptors:  Climatic  change;  Afforestation;  Forest 
plantations;  Carbon  dioxide 

169  NAL  Call  No:  TD885.5.C3F8 
Future  atmospheric  carbon  dioxide  scenarios  and 
limitation  strategies. 

Edmonds,  J.  A. 

Park  Ridge,  N.J.,  U.S.A.  :  Noyes  Publications; 
1986. 

xx,  620  p.  :  ill.  ;  25  cm.  Includes  bibliographies. 
Language:  English 

Descriptors:  Atmospheric  carbon  dioxide,  Environ¬ 
mental  aspects,  North  America;  Fossil  fuels,  Envi¬ 
ronmental  aspects,  North  America;  Climatic 
changes,  North  America;  Com,  North  America, 
Climatic  factors 

170  NAL  Call  No:  SD390.5.F6  1985 
Gas  exchange  between  forest  and  atmosphere. 
Murphy,  C.E.  Jr 

Washington,  D.C.  :  U.S.  Dept,  of  Energy;  1987 
May. 

Proceedings  of  the  Forest-Atmosphere  Interaction 
Workshop,  Lake  Placid,  New  York,  October  1-4, 
1985  /  coordinated  and  edited  by  Harry  Moses  ... 
[et  al.J.  p.  147-181.  ill;  1987  May.  Includes  refer¬ 
ences. 

Language:  English 

Descriptors:  Forest  trees;  Canopy;  Gas  exchange; 
Diffusion;  Atmosphere;  Leaves;  Carbon  dioxide; 


Water  vapor;  Sulfur  dioxide;  Soils;  Diurnal  varia¬ 
tion 

171  NAL  Call  No:  TD885.5.C3N3 
Glaciers,  ice  sheets,  and  sea  level  effect  of  a  C02- 
induced  climatic  change  :  report  of  a  workshop 
held  in  Seattle,  Washington,  September  13-15, 
1984. 

National  Research  Council  (U.S.).  Ad  Hoc  Com¬ 
mittee  on  the  Relationship  Between  Land  Ice  and 
Sea  Level;  United  States,  Dept,  of  Energy,  Office 
of  Basic  Energy  Sciences,  Carbon  Dioxide  Re¬ 
search  Division 

Springfield,  Va.  :  Available  from  the  National 
Technical  Information  Service;  1985. 
xiii,  330  p.  :  ill. ,  maps  ;  28  cm.  DOE/ER/60235-1. 
September  1985.  Prepared  for  United  States  De¬ 
partment  of  Energy,  Office  of  Energy  Research, 
Office  of  Basic  Energy  Sciences,  Carbon  Dioxide 
Research  Division.  Includes  bibliographies. 

Language:  English 

Descriptors:  Carbon  dioxide;  Environmental 
aspects;  Congresses;  Climatic  changes;  Con¬ 
gresses;  Glaciers;  Congresses;  Ice;  Congresses;  Sea 
level;  Congresses 

172  NAL  Call  No:  99.8  F768 
The  global  carbon  cycle. 

Sedjo,  RA. 

Bethesda,  Md.  :  Society  of  American  Foresters; 
1990  Oct. 

Journal  of  forestry  v.  88  (10):  p.  33-34;  1990  Oct. 
Includes  references. 

Language:  English 

Descriptors:  Climatic  change;  Carbon;  Land  use; 
Forests 

173  NAL  Call  No:  QH545A1E52 
The  global  carbon  cycle  and  climate  change: 
responses  and  feedbacks  from  below-ground  sys¬ 
tems. 

Dixon,  R.K.;  Turner,  D.P. 

Essex  :  Elsevier  Applied  Science;  1991. 
Environmental  pollution  v.  73  (3/4):  p.  245-262; 
1991.  Special  issue  on  "Plant  Response  to  Atmos¬ 
pheric  Change".  Includes  references. 

Language:  English 

Descriptors:  Carbon;  Cycling;  Climatic  change; 
Carbon  dioxide;  Soil;  Vegetation  types;  Nutrient 
content 
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174  NAL  Call  No:  QC903.G5 
Global  change. 

International  Geosphere-Biosphere  Program 
"Global  Changes.", Secretariat 
Stockholm  :  IGBP  Secretarial,  1986-;  1986-9999. 
Global  change  -  IGBP.  v.  ;  30  cm;  1986-9999. 

Language:  English 

Descriptors'.  Global  temperature  changes;  Climatic 
changes 

175  NAL  Call  No:  Q1H0.LI5A4  1989 
Global  change  1989  40th  Arctic  Science  Confer¬ 
ence,  Fairbanks,  Alaska  :  proceedings,  September 
14-16,  1989. 

Arctic  Science  Conference  1989  :  Fairbanks, 
Alaska);  American  Association  for  the  Advance¬ 
ment  of  Science,  Arctic  Division,  University  of 
Alaska,  Fairbanks,  Institute  of  Arctic  Biology 
Fairbanks,  Alaska  :  Arctic  Division,  American  As¬ 
sociation  for  the  Advancement  of  Science  and  In¬ 
stitute  of  Arctic  Biology,  University  of  Alaska 
Fairbanks;  1989. 
v,  65  p.  ;  28  cm.  Includes  index. 

Language:  English 

Descriptors'.  Climatic  changes;  Global  temperature 
changes 

176  NAL  Cal!  No:  HC79.E5G56 
Global  change  and  our  common  future  papers 
from  a  forum. 

DeFries,  Ruth  S.;  Malone,  Thomas  F. 

National  Research  Council  (U.S.),  Committee  on 
Global  Change 

Forum  on  Global  Change  and  Our  Common  Fu¬ 
ture  1989  :  Washington,  D.C. 

Washington,  D.C.  :  National  Academy  Press;  1989. 
xiii,  227  p.  :  ill.,  maps  ;  28  cm.  Committee  on 
Global  Change,  National  Research  Council. 
Proceedings  of  the  Forum  on  Global  Change  and 
Our  Common  Future,  held  on  May  2-3,  1989,  at 
the  National  Theatre  in  Washington,  D.C.,  and  or¬ 
ganized  by  the  the  National  Research  Council’s 
Committee  on  Global  Change.  Includes 
bibliographical  references. 

Language:  English 

Descriptors'.  Environmental  policy;  Pollution; 
Human  ecology;  Global  warming 

177  NAL  Call  No:  450  AN7 
Global  change  and  the  biosphere:  introduction. 

Chaloner,  W.G. 


London  :  Academic  Press;  1991  Jun. 

Annals  of  botany  v.  67  (suppl.l):  p.  1-3;  1991  Jun. 
Includes  references. 

Language:  English 

Descriptors:  Uk;  Climatic  change;  Pollution;  Envi¬ 
ronmental  factors;  Ozone;  Weather;  Research 
projects 

178  NAL  Call  No:  KF27.S3978  1989h 
The  Global  Change  Research  Act  of  1989  hearing 
before  the  Subcommittee  on  Natural  Resources, 
Agriculture  Research,  and  Environment  and  the 
Subcommittee  on  International  Scientific 
Cooperation  of  the  Committee  on  Science,  Space, 
and  Technology,  House  of  Representatives,  One 
Hundred  First  Congress,  first  session,  July  27, 
1989. 

United  States.  Congress.  House.  Committee  on 
Science,  Space,  and  Technology.  Subcommittee  on 
Natural  Resources,  Agriculture  Research,  and  En¬ 
vironment;  United  States,  Congress,  House,  Com¬ 
mittee  on  Science,  Space,  and  Technology, 
Subcommittee  on  International  Scientific  Coopera¬ 
tion 

Washington  [D.C.j  :  U.S.  G.P.O.  :  For  sale  by  the 
Supt.  of  Docs.,  Congressional  Sales  Office,  U.S. 
G.P.O.;  1990;  Y  4.Sci  2:101/74. 
iii,  280  p.  :  ill.  ;  24  cm.  Distributed  to  some 
depository  libraries  in  microfiche.  No.  74. 

Language:  English 

Descriptors:  Climatic  changes;  Research;  United 
States;  Global  temperature  changes;  Research; 
United  States 

179  NAL  Call  No:  KF26.C6  1988 
Global  change  research  hearing  before  the  Com¬ 
mittee  on  Commerce,  Science,  and  Transporta¬ 
tion,  United  States  Senate,  One  Hundredth 
Congress,  second  session,  on  global  change  re¬ 
search  and  S.  2614  ...  July  13,  1988. 

United  States.  Congress.  Senate.  Committee  on 
Commerce,  Science,  and  Transportation 
Washington  [D.C.]  :  U.S.  G.P.O.  :  For  sale  by  the 
Supt.  of  Docs.,  Congressional  Sales  Office,  U.S. 
G.P.O.;  1988;  Y  4.C  73/7:S.hrg.lOO-816. 
iii,  94  p.  :  ill.  ;  24  cm.  (S.  hrg.  ;  100-816).  Distrib¬ 
uted  to  some  depository  libraries  in  microfiche. 
Shipping  list  no.:  88-689-P. 

Language:  English 

Descriptors:  Climatic  changes,  Research,  United 
States;  Rainfall  anomalies,  Research,  United 
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States;  Greenhouse  effect,  Atmospheric,  Re¬ 
search,  United  States 

180  NAL  Call  No:  450  IS7 
Global  change:  vegetation,  ecosystems,  and  land 
use  in  the  southern  Mediterranean  Basin  by  the 
mid  twenty-first  century. 

Le  Houerou,  H.N. 

Jerusalem,  Israel  :  Weizmann  Science  Press  of  Is¬ 
rael;  1990. 

Israel  journal  of  botany  v.  39  (4/6):  p.  481-508. 
maps;  1990.  Paper  published  in  "Germination 
Physiology  and  Desert  Ecology",  a  special  edition 
dedicated  to  Professor  Michael  Evenari.  Includes 
references. 

Language:  English 

Descriptors :  Mediterranean  countries;  Middle  east; 
Climatology;  Temperature;  History;  Plant  commu¬ 
nity  analysis;  Vegetation  sampling;  Natural  distri¬ 
bution;  Environmental  degradation;  Land  use; 
Population  growth 

181  NAL  Call  No:  KF26.03  1989 
Global  change,  an  ocean  perspective  hearing 
before  the  National  Ocean  Policy  Study  of  the 
Committee  on  Commerce,  Science,  and  Transpor¬ 
tation,  United  States  Senate,  One  Hundred  First 
Congress,  first  session  ...  April  11,  1989.  (Global 
change,  an  ocean  perspective.) 

United  States.  Congress.  Senate.  National  Ocean 
Policy  Study 

Washington,  [D.C.]  :  U.S.  G.P.O.  :  For  sale  by  the 
Supt.  of  Docs.,  Congressional  Sales  Office,  U.S. 
G.P.O. ;  1989;  Y  4.C  73/7:S.hrg.l01-95. 
iii,  81  p. :  ill.  ;  24  cm.  (S.  hrg.  ;  101-95).  Distributed 
to  some  depository  libraries  in  microfiche.  Bibli¬ 
ography:  p.  54-55. 

Language:  English 

Descriptors'.  Ocean-atmosphere  interaction; 
Climatic  changes;  Oceanography;  United  States 

182  NAL  Call  No:  TD419.R47 
Global  climate  change  and  acidic  deposition. 

Nikolaidis,  N.P.;  Ecsedy,  C.;  Nikolaidis,  V.S.; 
Olem,  H.;  Saldi,  K.;  Tarbox,  S. 

Alexandria,  Va.  :  The  Federation;  1991  Jun. 
Research  journal  of  the  Water  Pollution  Control 
Federation  v.  63  (4):  p.  735-746;  1991  Jun.  Includes 
references. 

Language:  English 

Descriptors:  Air  pollution;  Climatic  change;  Acid 


deposition;  Models;  Reviews 

183  NAL  Call  No:  QC903.G8  1988 
Global  climate  change  and  the  greenhouse  effect 
congressional  activity  and  options. 

Gushee,  David  E. 

Library  of  Congress,  Congressional  Research  Ser¬ 
vice 
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ergy  and  Commerce,  House  of  Representatives, 
One  Hundred  First  Congress,  first  session, 
February  21  and  May  4,  1989. 

United  States.  Congress.  House.  Committee  on 
Energy  and  Commerce.  Subcommittee  on  Energy 
and  Power 

Washington,  [D.C.]  :  U.S.  G.P.O.  :  For  sale  by  the 
Supt.  of  Docs.,  Congressional  Sales  Office,  U.S. 
G.P.O.;  1989;  Y  4.En  2/3:101-31. 
iii,  177  p.  :  ill.  ;  24  cm.  Distributed  to  some 
depository  libraries  in  microfiche.  Serial  no.  101- 
31.  Includes  bibliographical  references. 

Language:  English 

Descriptors'.  Global  warming;  Greenhouse  effect, 
Atmospheric;  Energy  policy;  United  States 

214  NAL  Call  No:  SD143.S64 
Global  warming:  potential  causes  of  future  change 
in  U.S.  forests. 

Woodman,  J.N. 

Bethesda,  Md.  :  The  Society;  1990. 

Proceedings  of  the  ...  Society  of  American 
Foresters  National  Convention,  p.  5-11.  maps; 


1990.  Paper  presented  at  a  meeting  on  "Forestry 
on  the  Frontier,"  Sept  24-27,  1989,  Spokane,  Wash¬ 
ington.  Includes  references. 

Language:  English 

Descriptors'.  Climatic  change;  Carbon  dioxide; 
Forestry;  Stand  characteristics;  Geographical  dis¬ 
tribution 

215  NAL  Call  No:  QC981.8.G56G58 
Global  warming  the  Greenpeace  report. 

Leggett,  Jeremy  K. 

Greenpeace  UK 

Oxford  [England]  ;  New  York  :  Oxford  University 
Press;  1990. 

xi,  554  p.  :  ill.  ;  20  cm.  Includes  index. 

Language:  English 

Descriptors :  Global  warming;  Global  warming 

216  NAL  Call  No:  QC9123.F34  1989 
The  greenhouse  challenge  what’s  to  be  done? 
Falk,  Jim;  Brownlow,  Andrew 

Ringwood,  Vic.,  Australia  ;  New  York,  NY,  USA 
:  Penguin  Books;  1989. 

341  p.  :  ill.  ;  20  cm.  Includes  bibliographical  refer¬ 
ences  (p.  284-327)  and  index. 

Language:  English 

Descriptors:  Greenhouse  effect,  Atmospheric; 
Global  warming 

217  NAL  Call  No:  QC981.8.G56T69 
Greenhouse  doubts,  energy  realities  a  New 
Zealand  perspective. 

Toynbee,  P.  A. 

Wellington,  N.Z.  :  Toynbee  and  Associates;  1990. 
53  p.  :  ill.  ;  30  cm.  Includes  bibliographical  refer¬ 
ences  (p.  4)  and  index. 

Language:  English 

Descriptors:  Global  warming;  Energy  conservation; 
Greenhouse  effect,  Atmospheric;  Atmospheric 
carbon  dioxide 

218  NAL  Call  No:  S1A375 
The  greenhouse  effect. 

Eberlee,  J. 

Ottawa  :  Agrican  Publishers,  Inc;  1988. 

Agrologist  v.  17  (4):  p.  10-12.  ill;  1988. 

Language:  English 

Descriptors:  Canada;  Climatic  change;  Environ- 
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mental  impact  reporting;  Prediction;  Projections; 
Atmospheric  disturbances;  Carbon  dioxide;  Land 
use  planning 

219  NAL  Call  No:  100  0R30R 
The  greenhouse  effect. 

Gentle,  T. 

Corvallis,  Or.  :  The  Station;  1989. 

Oregon’s  agricultural  progress  -  Oregon  Agricul¬ 
tural  Experiment  Station  v.  35/36  (411):  p.  22-26. 
ill;  1989. 

Language:  English 

Descriptors:  Air  pollution;  Carbon  dioxide;  Predic¬ 
tion;  Models;  Climatic  change;  Control  methods 

220  NAL  Call  No:  QC879.8.W54 
The  greenhouse  effect. 

Wilson,  David  A. 

Black  Mountain,  NC  :  Lorien  House;  1989. 

50  leaves  :  ill.,  maps  ;  29  cm.  LH-34.  Includes 
bibliographical  references  (leaves  48-49). 

Language:  English 

Descriptors:  Greenhouse  effect,  Atmospheric;  At¬ 
mospheric  carbon  dioxide;  Atmospheric  ozone; 
Reduction 

221  NAL  Call  No:  Z5158.N67 
The  greenhouse  effect,  a  bibliography.  (Green¬ 
house  effect.) 

Nordquist,  Joan 

Santa  Cruz,  CA,  USA  :  Reference  and  Research 
Services;  1990. 

60  p.  ;  22  cm.  (Contemporary  social  issues  (Santa 
Cruz,  Calif.)  ;  no.  18.). 

Language:  English 

Descriptors:  Greenhouse  effect,  Atmospheric 

222  NAL  Call  No:  KF26.E55  1987e 
Greenhouse  effect  and  global  climate  change 
hearings  before  the  Committee  on  Energy  and 
Natural  Resources,  United  States  Senate,  One 
Hundredth  Congress,  first  session  .... 

United  States.  Congress.  Senate.  Committee  on 
Energy  and  Natural  Resources 
Washington  [D.C.]  :  U.S.  G.P.O.  :  For  sale  by  the 
Supt.  of  Docs.,  Congressional  Sales  Office,  U.S. 
G.P.O.,  1988-;  1988-9999;  Y  4.En  2:S.hrg.l00-461. 
v.  :  ill.,  maps  ;  24  cm.  (S.  hrg.  ;  100-461).  Distrib¬ 
uted  to  some  depository  libraries  in  microfiche. 
"November  9  and  10,  1987",  Pt.  1.  "June  23,  1988", 
Pt.  2.  Includes  bibliographies. 


Language:  English 

Descriptors:  Greenhouse  effect,  Atmospheric; 
Global  temperature  changes;  Fossil  fuels,  Environ¬ 
mental  aspects,  United  States 

223  NAL  Call  No:  500  AM322A 
The  greenhouse  effect  and  nature  reserves,  global 
warming  would  diminish  biological  diversity  by 
causing  extinctions  among  reserve  species. 
Petersm  R.L.;  Darling,  J.D.S. 

Washington,  D.C.  :  The  Institute;  1985  Dec. 
BioScience  -  American  Institute  of  Biological 
Sciences  v.  35  (11):  p.  707-717.  ill.,  maps;  1985  Dec. 
Includes  references. 

Language:  English 

Descriptors:  Natural  resources;  Nature  reserves; 
Air  pollution;  Climatic  change;  Adverse  effects; 
Survival;  Species;  Diversity 

224  NAL  Call  No:  NBUS494.5  P75  15  1990 
The  greenhouse  effect  and  primary  productivity  in 
European  agro-ecosystems  proceedings  of  the  In¬ 
ternational  Workshop  on  Primary  Productivity  of 
European  Agriculture  and  the  Greenhouse  Effect, 
Wageningen,  the  Netherlands,  5-10  April  1990. 
Goudriaan,  J.;  Keulen,  H.  van;  Laar,  H.  H.  van 
International  Workshop  on  Primary  Productivity  of 
European  Agriculture  and  the  Greenhouse  Effect 
1990  :  Wageningen,  Netherlands. 

Wageningen  :  Pudoc;  1990. 

90  p.  :  ill.  ;  24  cm.  Includes  bibliographical  refer¬ 
ences. 

Language:  English 

Descriptors:  Agricultural  productivity;  Greenhouse 
effect,  Atmospheric;  Crops  and  climate;  Climatic 
changes;  Agricultural  ecology 

225  NAL  Call  No:  NBUS455  G7 
The  greenhouse  effect  and  UK  agriculture  papers 
and  poster  displays  presented  at  a  conference  ... 
held  at  the  Royal  Society,  London  SW1  on  July 
14th  1989. 

Bennett,  R.  M. 

University  of  Reading,  Centre  for  Agricultural 
Strategy 

Reading  :  Centre  for  Agriculture  Strategy,  Univer¬ 
sity  of  Reading;  1989. 

144  p.  :  maps  ;  21  cm.  (CAS  paper,  19). 

Language:  English 

Descriptors:  Greenhouse  effect,  Atmospheric;  At- 
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mospheric  carbon  dioxide;  Clinical  changes; 
Agricultural  ecology 

226  NAL  Call  No:  SD390.7.G73G74 
The  Greenhouse  effect,  climate  change,  and  U.S. 
forests. 

Shands,  William  E.;  Hoffman,  John  S. 
Conservation  Foundation 

Washington,  D.C.  :  Conservation  Foundation; 
1987. 

xiv,  304  p.  :  ill.,  maps  ;  25  cm. 

Language:  English 

Descriptors:  Greenhouse  effect,  Atmospheric, 
United  States;  Forest  meteorology,  United  States; 
Trees,  United  States,  Climatic  factors;  Plants,  Ef¬ 
fect  of  carbon  dioxide  on.  United  States;  Forest 
ecology,  United  States;  Greenhouse  effect,  Atmos¬ 
pheric;  Forest  meteorology;  Trees,  Climatic  fac¬ 
tors;  Plants,  Effect  of  carbon  dioxide  on;  Forest 
ecology 

227  NAL  Call  No:  QC9123.G73 
The  Greenhouse  effect,  climatic  change,  and 
ecosystems. 

Bolin,  Bert, 

International  Council  of  Scientific  Unions,  Scien¬ 
tific  Committee  on  Problems  of  the  Environment 
Chichester  [West  Sussex]  ;  New  York  :  Published 
on  behalf  of  the  Scientific  Committee  on  the  Prob¬ 
lems  of  the  Environment  of  the  International 
Council  of  Scientific  Unions  by  Wiley;  1986. 
xxxi,  541  p.,  1  p.  of  plates  :  ill.  (some  col.)  ;  24  cm. 
(SCOPE  (Series)  ;  29.).  Includes  bibliographies 
and  index. 

Language:  English 

Descriptors:  Greenhouse  effect,  Atmospheric; 
Climatic  changes;  Atmospheric  carbon  dioxide, 
Environmental  aspects 

228  NAL  Call  No:  QC879.8.R62 
The  greenhouse  effect  global  warming  raises  fun¬ 
damental  issues  :  environmental  and  energy  study 
of  conference  special  report. 

Robock,  Alan 

Washington,  D.C.  :  U.S.  Congress;  1987. 

8  leaves  :  ill.  ;  28  cm.  Caption  title.  September 
1987. 

Language:  English 

Descriptors:  Greenhouse  effect,  Atmospheric; 
United  States;  Atmospheric  carbon  dioxide; 
United  States;  Atmospheric  ozone;  United  States 


229  NAL  Call  No:  QH545.A1E52 
The  greenhouse  effect:  impacts  of  ultraviolet-B 
(UV-B)  radiation,  carbon  dioxide  (C02),  and 
ozone  (03)  on  vegetation. 

Krupa,  S.V.;  Kickert,  R.N. 

Essex  :  Elsevier  Applied  Science;  1989. 
Environmental  pollution  v.  61  (4):  p.  263-393. 
maps;  1989.  Includes  references. 

Language:  English 

Descriptors:  Climatic  change;  Ozone;  Carbon 
dioxide;  Ultraviolet  radiation;  Vegetation;  Plant 
damage;  Air  pollution;  Stress  response 

230  NAL  Call  No:  HD9682.G73 
The  Greenhouse  effect  investment  implications 
and  opportunities  :  proceedings  of  an  Investor 
Forum  held  in  New  York  City,  October  4,  1989. 

Cougan,  Douglas  G. 

Investor  Responsibility  Research  Center,  World 
Resources  Institute 

Washington,  D.C.  :  Investor  Responsibility  Re¬ 
search  Center;  1990. 

v,  158  p.  :  ill.,  maps  ;  28  cm.  Forum  sponsors:  In¬ 
vestor  Responsibility  Research  Center,  World  Re¬ 
sources  Institute. 

Language:  English 

Descriptors:  Greenhouse  effect,  Atmospheric;  Con¬ 
gresses;  Global  warming;  Congresses;  Climatic 
changes;  Congresses 

231  NAL  Call  No:  QC981.8.C5H4 
The  greenhouse  effect  living  in  a  warmer 
Australia. 

Henderson-Sellers,  A.;  Blong,  R.  J. 

Kensington,  N.S.W.  :  New  South  Wales  University 
Press;  1989. 

211  p.  :  ill.,  maps  ;  22  cm.  Includes  bibliographical 
references  (p.  [197]-198). 

Language:  English 

Descriptors:  Greenhouse  effect,  Atmospheric; 
Australia;  Climatic  changes;  Australia;  Atmos¬ 
pheric  temperature;  Australia;  Solar  radiation 

232  NAL  Call  No:  HC79.E5G78 
The  greenhouse  effect  negotiating  targets. 

Grubb,  Michael 

Royal  Institute  of  International  Affairs 

London  :  Royal  Institute  of  International  Affairs; 

1989. 

viii,  56  p.  :  ill.  ;  30  cm.  (Energy  and  environmental 
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programme).  Includes  bibliographical  references. 
Language:  English 

Descriptors :  Greenhouse  effect,  atmospheric;  Envi¬ 
ronmental  policy 

233  NAL  Call  No:  SB436J6 
The  greenhouse  effect:  perceptions  and  misper¬ 
ceptions. 

Cosgrove,  TJ. 

Urbana,  Ill.  :  International  Society  of  Arboricul¬ 
ture;  1989  Dec. 

Journal  of  arboriculture  v.  15  (12):  p.  285-289;  1989 
Dec.  Includes  references. 

Language:  English 

Descriptors :  World  problems;  Climate;  Changes; 
Temperature;  Problem  analysis;  Drought;  Air  pol¬ 
lution 

234  NAL  Call  No:  292.9  C1282 
The  greenhouse  effect:  reality  and  potential  con¬ 
sequences. 

Rind,  D. 

Riverside,  Calif.  :  The  Center;  1990  May. 

Report  -  California  Water  Resources  Center,  Uni¬ 
versity  of  California  (72):  p.  69-72;  1990  May. 
Proceedings:  Coping  with  Water  Scarcity:  The 
Role  of  Ground  Water.  Paper  presented  at  the 
"Seventeenth  Biennial  Conference  on  Ground 
Water,  September  25-26,  1989,  San  Diego,  Califor¬ 
nia.  Includes  references. 

Language:  English 

Descriptors:  U.S.A.;  Climatic  change;  Water  supp¬ 
ly;  Environmental  impact 

235  NAL  Call  No:  QC912 J.G74 
Greenhouse  effect  report. 

Silver  Spring,  MD  :  Business  Publishers;  1989- 
9999. 

Greenhouse  effect  report,  v.  ;  28  cm;  1989-9999. 
Description  based  on:  Vol.  2,  no.  12  (Nov.  16, 
1990);  title  from  caption. 

Language:  English 

Descriptors:  Greenhouse  effect,  Atmospheric; 
Global  warming 

236  NAL  Call  No:  10  OU8 
The  greenhouse  efTect,  meteorological  mecha¬ 
nisms  and  models. 

Hume,  C.J.;  Cattle,  H. 

Oxon  :  CAB.  International;  1990. 


Outlook  on  agriculture  v.  19  (1):  p.  17-23;  1990. 
Includes  references. 

Language:  English 

Descriptors:  Climatic  change;  Air  pollutants;  Air 
temperature;  Carbon  dioxide;  Clouds;  Human  ac¬ 
tivity;  Meteorology;  Methane;  Nitrous  oxide; 
Ozone;  Simulation  models 

237  NAL  Call  No:  TD420A1E5 
Greenhouse  gases  and  global  change:  interna¬ 
tional  collaboration. 

Rosswall,  T. 

Washington,  D.C.  :  American  Chemical  Society; 
1991  Apr. 

Environmental  science  &  technology  v.  25  (4):  p. 
567-573.  maps;  1991  Apr.  Includes  references. 

Language:  English 

Descriptors:  Air  pollution;  Climatic  change;  Green¬ 
houses;  Gases;  Carbon  dioxide;  Methane;  Nitrous 
oxide;  Ozone;  International  cooperation;  Programs 

238  NAL  Call  No:  QC912 J.G735 
Greenhouse  planning  for  climate  change. 

Pearman,  G.  I. 

Leiden  ;  New  York  :  E.J.  Brill;  1988. 
xv,  752  p.  :  ill.  ;  26  cm.  Papers  of  a  conference  held 
at  Monash  University,  Melbourne,  in  1987.  In¬ 
cludes  bibliographies. 

Language:  English 

Descriptors:  Greenhouse  effect,  Atmospheric; 
Australia;  Congresses;  Climatic  changes;  Australia; 
Congresses 

239  NAL  Call  No:  QC981.8.G56L97 
The  greenhouse  trap  what  we’re  doing  to  the  at¬ 
mosphere  and  how  we  can  slow  global  warming. 

Lyman,  Francesca 
Boston  :  Beacon  Press;  1990. 
xvii,  190  p.  :  ill.  ;  21  cm.  (A  World  Resources  In¬ 
stitute  guide  to  the  environment).  Includes 
bibliographical  references  (p.  175-183)  and  index. 

Language:  English 

Descriptors:  Global  warming;  Greenhouse  effect, 
Atmospheric 

240  NAL  Call  No:  QC912J.G737 
Greenhouse  warming  abatement  and  adaptation. 

Rosenberg,  Norman  J., 

Resources  for  the  Future 

Washington,  D.C. :  Resources  for  the  Future;  1989. 
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xiii,  182  p.  :  ill.  ;  28  cm.  Proceedings  of  a 
workshop  held  in  Washington,  D.C.  June  14-15, 
1988;  workshop  sponsors,  Resources  for  the  Fu¬ 
ture  ...  [et  al . ] .  Errata  slip  inserted.  Includes 
bibliographical  references. 

Language:  English 

Descriptors :  Greenhouse  effect,  Atmospheric;  Con¬ 
gresses;  Climatic  changes;  Congresses 

241  NAL  Call  No:  HD9000.1.F66 
Greenhouse  warming  and  climate  change,  why 
should  we  care? 

Crosson,  P. 

Guilford  :  Butterworths;  1989  May. 

Food  policy  v.  14  (2):  p.  107-118;  1989  May.  In¬ 
cludes  references. 

Language:  English 

Descriptors:  Climatic  change;  Atmosphere;  Carbon 
dioxide;  Temperatures;  Trends;  Agricultural  policy 

Abstract:  Carbon  dioxide  levels  in  the  earth’s  at¬ 
mosphere  will  probably  double  by  the  middle  of 
the  next  century,  and  this  will  lead  to  an  increase 
in  global  average  temperatures  of  between  1.5 
degrees  C  and  5.5  degrees  C.  There  would  proba¬ 
bly  be  shifts  between  regions  in  comparative 
agricultural  advantage,  but  the  overall  economic 
and  environmental  costs  of  world  agricultural  pro¬ 
duction  would  not  necessarily  rise.  However,  the 
gap  between  greenhouse  gas  emissions  and  the 
ability  of  the  oceans  and  biosphere  to  absorb  them 
is  continuing  to  grow,  and  will  eventually  lead  to 
further  global  warming  with  undoubtedly  damag¬ 
ing  consequences  unless  the  trend  is  reversed.  If 
coordinated  international  action  is  taken  now,  it  is 
possible  that  the  challenge  can  be  met  without 
sacrificing  income  growth. 

242  NAL  Call  No:  QC912J.G7374 
Greenhouse  warming  negotiating  a  global  regime. 

Benedick,  Richard  Elliot 

Washington,  D.C.  :  World  Resources  Institute; 
1991. 

98  p.  :  ill.  ;  26  cm.  January  1991.  Includes 
bibliographical  references. 

Language:  English 

Descriptors:  Greenhouse  effect,  Atmospheric; 
Global  warming 

243  NAL  Call  No:  QC879.8.H5 
High  accuracy  standards  and  reference  methodol¬ 


ogy  for  carbon  dioxide  in  air. 

Zielinski,  Walter  L. 

Washington,  D.C.  :  U.S.  Department  of  Energy, 
Office  of  Energy  Research,  Office  of  Basic  Energy 
Sciences,  Carbon  Dioxide  Research  Division  ; 
Gaithersburg,  Md.  :  National  Bureau  of  Standards, 
Center  for  Analytical  Chemistry  ;  Springfield,  Va. 

:  Available  from  NTIS;  1986. 

1  v.  (various  pagings)  ;  28  cm.  June  1986.  Prepared 
under  contract  no.  DE-A101-76PR06010. 
DOE/PR-06010-31.  TR033.  Bibliography:  p.  74. 

Language:  English 

Descriptors:  Atmospheric  carbon  dioxide,  Stan¬ 
dards 

244  NAL  Call  No:  GF55.M44 
High  and  dry  Mediterranean  climate  in  the 
twenty-first  century. 

Meith,  Nikki 

Oceans  and  Coastal  Areas  Programme  Activity 
Centre,  United  Nations  Environment  Programme, 
mediterranean  Co-ordinating  Unit 
Athens,  Greece  :  Mediterranean  Co-ordinating 
Unit  of  Programme  Activity  Centre  for  Oceans 
and  Coastal  Areas  of  the  United  Nations  Environ¬ 
ment  Programme;  1989. 

48  p.  :  ill.  (some  col.),  maps  ;  25  cm.  Cover  title. 
May  1989.  Includes  bibliographical  references  (p. 
47). 

Language:  English 

Descriptors:  Man;  Human  ecology;  Global  war¬ 
ming;  Greenhouse  effect.  Atmospheric 

245  NAL  Call  No:  QC980.C55 
Historical  evidence  and  climatic  implications  of  a 
shift  in  the  boreal  forest  tundra  transition  in 
central  Canada. 

Ball,  T.F. 

Dordrecht  :  D.  Reidel  Pub.  Co;  1986  Apr. 
Climatic  change  v.  8  (2):  p.  121-134.  maps;  1986 
Apr.  Includes  references. 

Language:  English 

Descriptors:  Canada;  Tundra;  Boreal  forests; 
Treelines  and  timberlines;  Climatic  factors; 
Climatic  change;  History;  Plant  ecology 

246  NAL  Call  No:  470  SCI2 
How  fast  can  trees  migrate? 

Roberts,  L. 

Washington,  D.C.  :  American  Association  for  the 
Advancement  of  Science;  1989  FeblO. 
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Science  v.  243  (4892):  p.  735-737.  ill.,  maps;  1989 
FeblO. 

Language:  English 

Descriptors:  U.S.A.;  Forest  trees;  Dispersion; 
Climatic  change;  Temperatures;  Forest  ecology 

Abstract:  If  the  climate  models  are  correct,  green¬ 
house  warming  will  spell  doom  for  many  forests 
across  the  United  States. 

247  NAL  Call  No:  SD390.7.G73G74 
How  forest  products  companies  can  respond  to 
rising  carbon  dioxide  and  climate  change. 

Sandenburgh,  R.;  Taylor,  C.;  Hoffman,  J.S. 
Washington,  D.C.  :  Conservation  Foundation; 
1987. 

The  Greenhouse  effect,  climate  change,  and  U.S. 
forests  /  edited  by  William  E.  Shands  and  John  S. 
Hoffman,  p.  247-257;  1987.  Includes  references. 

Language:  English 

Descriptors :  Forest  management;  Forest  products 
industries;  Decision  making;  Development  plans; 
Companies;  Operational  control;  Climatic  change; 
Carbon  dioxide 

248  NAL  Call  No:  TD171.U5 
How  it  might  be:  air  pollution. 

Durman,  E.C. 

Washington,  D.C.  :  Office  of  Public  Awareness; 
1989  Jan. 

EPA  journal  v.  15  (1):  p.  23-24.  ill;  1989  Jan. 
Language:  English 

Descriptors:  U.S  A.;  Air  pollution;  Climatic  change; 
Projections;  Ozone;  Acid  rain;  Temperatures;  En¬ 
vironmental  degradation;  Standards 

249  NAL  Call  No:  TD171.U5 
How  it  might  be:  water  resources. 

Smith,  J.E. 

Washington,  D.C.  :  Office  of  Public  Awareness; 
1989  Jan. 

EPA  journal  v.  15  (1):  p.  19-20.  ill;  1989  Jan. 
Language:  English 

Descriptors:  U.S.A.;  Water  resources;  Air  pollu¬ 
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forecast  for  the  next  century  is  comparable  to  the 
magnitude  of  warming  during  the  last  deglaciation. 
No  climate  change  of  similar  magnitude  has  oc¬ 
curred  since  that  event.  The  palaeoecological 
evidence  of  the  response,  especially  of  plants,  to 
past  climate  change  indicates  that  evolutionary  ad¬ 
aptation  has  played  no  more  than  a  minor  role  and 
that  migration  is  the  usual  response  of  organisms 
to  climate  change.  The  individualism  of  response 
has  important  implications  with  respect  to  changes 
in  the  nature  of  vegetation  and  ecosystems.  The 
maximum  realized  rates  of  migratory  response  by 
trees,  although  perhaps  matching  the  maximum 
potential  rates,  are  close  to  the  maximum  that  it 
is  believed  can  be  achieved  by  such  long-lived  ses¬ 
sile  organisms.  The  rate  of  climate  change  forecast 
for  the  future  is  10-100  times  faster  than  the  rate 
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facilitate  the  migratory  response  of  organisms  to 
the  forecast  changes,  then  widespread  extinction  is 
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capacity,  the  general  extension  of  the  legal  protec¬ 
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integration  of  wildlife  habitat  requirements  and  of 
wildlife  corridors  into  human  landscape  utilization 
are  all  likely  to  be  necessary.  Stringent  measures 
to  limit  the  extent  of  future  climate  change  by 
limiting  emissions  of  greenhouse  gases  will  also  be 
necessary  if  the  possibility  of  widespread  and  even 
catastrophic  extinction  is  to  be  avoided. 
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Abstract:  Recently  it  has  been  recognized  that 
changes  in  the  chemical  composition  of  the  atmos¬ 
phere  are  likely  to  alter  the  earth’s  climate,  and 
that  these  alterations  may  have  severe  implications 
for  agriculture  and  other  economic  activities.  This 
has  stimulated  research  into  the  possible  conse¬ 
quences  of  altered  climatic  regimes  on  several  at¬ 
tributes  or  components  of  agri-food  systems. 
Current  consensus  suggests  that  a  global  climatic 
warming,  induced  by  increased  concentrations  of 
C02  and  other  "greenhouse"  gases,  is  likely,  and 
hence  the  possible  implications  of  warmer  climates 
for  agriculture  has  received  considerable  attention. 
Several  analytical  procedures  have  been  employed 
in  these  studies  and  it  is  timely  to  assess  the  char¬ 
acteristics  and  achievements  of  these  independent 


efforts,  this  paper  classifies  sod  reviews  studies  that 
examine  the  implications  of  climatic  warming  for 
agriculture.  Three  approaches  to  assessment  are 
recognized.  Crop  yield  analysis  identifies  the  ef¬ 
fects  of  a  specified  change  in  climate  on  produc¬ 
tivity  levels  for  individual  crops  in  particular 
locations.  Spatial  analysis  examines  the  implica¬ 
tions  of  climatic  warming  for  the  area  and  location 
of  lands  suitable  for  crop  production.  Agricultural 
systems  analysis  focuses  on  the  relationships 
among  components  of  agri-food  systems.  Much 
remains  to  be  learned  about  the  effects  of  climatic 
warming  on  agriculture.  The  use  of  existing  infor¬ 
mation  to  develop  a  comprehensive  analysis  is 
hampered  by  differences  in  analytical  approaches 
and  in  climatic  change  scenarios,  and  by  the  virtual 
absence  of  information  on  the  possible  implica¬ 
tions  of  climatic  change  on  agriculture  in  develop¬ 
ing  nations.  Nevertheless,  current  evidence 
suggests  that  a  warmer  climate  could  create  a  more 
favorable  environment  for  wheat  (Triticum  aes- 
tivum  L.)  and  grain  corn  (Zea  mays  L.)  in  Canada, 
Northern  Europe,  and  the  USSR,  and  restrict  op¬ 
portunities  in  the  USA. 
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Descriptors:  Climate;  Weather  patterns;  Emission; 
Carbon  dioxide;  Vegetation 

276  NAL  Call  No:  QH543.P76 

Long-term  effects  of  an  increased  C()2  concentra¬ 
tion  level  on  terrestrial  plants  in  model- 
ecosystems.  I.  Phytomass  production  and 
competition  of  Trifolium  repens  L.  and  Lolium 
perenne  L. 

Overdieck,  D.;  Bossemeyer,  D.;  Lieth,  H. 

Lisse  :  Swets  &  Zeitlinger;  1984. 

Progress  in  biometeorology  v.  3:  p.  344-352;  1984. 
Paper  presented  at  the  "Symposium  on  Interac¬ 
tions  between  Climate  and  Biosphere,"  March  21- 
23,  1983,  Osnabruck,  West  Germany.  Includes 
references. 

Language:  English 

Descriptors:  Trifolium  repens;  Lolium  perenne; 
Carbon  dioxide;  Concentration;  Seed  germination; 
Biomass  accumulation;  Competitive  ability 

111  NAL  Call  No:  Q225.I7 

The  making  of  a  greenhouse  policy. 

Bromley,  D.A. 

Washington,  D.C.  :  National  Academy  of  Sciences; 
1990. 

Issues  in  science  and  technology  v.  7  (1):  p.  55-61; 
1990. 

Language:  English 

Descriptors:  Climatic  change;  Research  projects 

278  NAL  Call  No:  QC879.8.M38 

Master  index  for  the  carbon  dioxide  research 
state-of-the-art  report  series. 

Farrell,  Michael  P. 

United  States,  Dept,  of  Energy,  Office  of  Basic  En¬ 
ergy  Sciences,  Carbon  Dioxide  Research  Division 
Washington,  D.C.  :  U.S.  Dept,  of  Energy,  Office 
of  Energy  Research,  Office  of  Basic  Energy 
Sciences,  Carbon  Dioxide  Research  Division  ; 
Springfield,  Va.  :  Available  from  National  Techni¬ 
cal  Information  Service,  U.S.  Dept,  of  Commerce; 
1987. 

vii,  253  p.  ;  28  cm.  DOE/ER-0316.  An  index  to  six 
State  of  the  Art  reports:  Atmospheric  carbon 
dioxide  and  the  global  carbon  cycle;  Direct  effects 
of  increasing  carbon  dioxide  on  vegetation;  Detect¬ 


ing  the  climatic  effects  of  increasing  carbon 
dioxide;  Projecting  the  climatic  effects  of  increas¬ 
ing  carbon  dioxide;  Characterization  of  informa¬ 
tion  requirements  for  studies  of  C02  effects;  and, 
Glacier,  ice  sheets  and  sea  level.  March  1987.  Bib¬ 
liography:  p.  59-62. 

Language:  English 

Descriptors:  Carbon  dioxide,  Environmental 
aspects,  Indexes;  Atmospheric  carbon  dioxide,  En¬ 
vironmental  aspects,  Indexes 

279  NAL  Call  No:  1.90  C20U8 
The  meteorological  causes  of  drought  and  long¬ 
term  climate  patterns. 

Rodenhuis,  D.R. 

Washington,  D.C.  :  The  Department;  1989. 
Outlook  -  Proceedings,  Agricultural  Outlook  Con¬ 
ference,  U.S.  Department  of  Agriculture  (65th):  p. 
530-533;  1989.  Meeting  held  November  29- 
December  1,  1988,  Washington,  D.C. 

Language:  English 

Descriptors:  North  America;  Drought; 
Meteorological  factors;  Climatic  change;  Water  re¬ 
sources;  Trends 

280  NAL  Call  No:  QH344.G562 
Methane  emission  from  rice  cultivation:  geo¬ 
graphic  and  seasonal  distribution  of  cultivated 
areas  and  emissions. 

Matthews,  E.;  Fung,  I.;  Lerner,  J. 

Washington,  D.C.  :  American  Geophysical  Union; 
1991  Mar. 

Global  biogeochemical  cycles  v.  5  (1):  p.  3-24.  ill; 
1991  Mar.  Includes  references. 

Language:  English 

Descriptors:  Air  quality;  Climatic  factors;  Emission; 
Methane;  Oryza  sativa;  Rice  soils;  Seasonality; 
Land  use 

281  NAL  Call  No:  292.8  J82 
Methods  for  evaluating  the  regional  hydrologic 
impacts  of  global  climatic  changes. 

Gleick,  P.H. 

Amsterdam  :  Elsevier  Scientific  Publishers,  B.V.; 
1986  Novl5. 

Journal  of  hydrology  v.  88  (1/2):  p.  97-116.  maps; 
1986  Novl5.  Includes  references. 

Language:  English 

Descriptors:  Climatic  change;  Regional  surveys; 
Hydrological  cycle;  Air  pollution;  Carbon  dioxide; 
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Environmental  impact  reporting;  Evaluation; 
Models 

282  NAL  Call  No:  QC981.8.G56T73 
Minding  the  carbon  store  weighing  U.S.  forestry 
strategies  to  slow  global  warming. 

Trexler,  Mark  C. 

World  Resources  Institute 

Washington,  D.C.  :  World  Resources  Institute; 
1991. 

x,  81  p.  :  ill.  ;  26  cm.  January  1991.  Includes 
bibliographical  references  (p.  59-67). 

Language:  English 

Descriptors'.  Global  warming;  Greenhouse  effect, 
Atmospheric 

283  NAL  Call  No:  Q225.I7 
The  missing  data  on  global  climate  change. 

Hansen,  J. 

Washington,  D.C.  :  National  Academy  of  Sciences; 
1990. 

Issues  in  science  and  technology  v.  7  (1):  p.  62-69; 
1990.  Includes  references. 

Language:  English 

Descriptors :  Climatic  change;  Research  projects; 
Satellite  surveys 

284  NAL  Call  No:  QC988.A66G4 
Modeling  effects  of  vegetation  on  climate. 

Sellers,  P.J. 

New  York  :  John  Wiley  for  the  United  Nations 
University;  1987. 

The  Geophysiology  of  Amazonia  :  vegetation  and 
climate  interactions  /  Robert  E.  Dickinson,  editor, 
p.  297-339.  ill.,  maps;  1987.  Includes  references. 

Language:  English 

Descriptors:  Climate;  Climatic  change;  Interac¬ 
tions;  Vegetation;  Mathematical  models;  Radiation 
balance;  Solar  radiation;  Aerodynamics;  Canopy 

285  NAL  Call  No:  aQK75I.U7  1988 
Models  for  analysis  of  vegetation  responses  to 
global  environmental  change. 

Emanuel,  W.R.;  Prentice,  I.C.;  Smith,  T.M.; 
Shugart,  H.H.  Jr;  Solomon,  A.M. 

Broomall,  PA  :  Northeastern  Forest  Experiment 
Station,  [1989?];  1989  Sep. 

Air  pollution  effects  on  vegetation,  including  forest 
ecosystems  :  proceedings  of  the  Second  US-USSR 
Symposium  /  edited  by  Reginald  D.  Noble,  Juri  L. 
Martin,  and  Keith  F.  Jensen,  p.  251-259;  1989  Sep. 


Papers  presented  at  an  International  Conference, 
September  13-25,  1988,  at  Corvallis,  Oregon; 
Raleigh,  North  Carolina;  Gatlinburg,  Tennessee. 
Includes  references. 

Language:  English 

Descriptors :  Vegetation;  Climatic  change; 
Responses;  Models 

286  NAL  Call  No:  QK710.P55 
Modification  of  the  response  of  photosynthetic 
productivity  to  rising  temperature  by  atmospheric 
C02  concentrations:  has  its  importance  been  un¬ 
derestimated? 

Long,  S.P. 

Oxford  :  Blackwell  Scientific  Publications;  1991 
Oct. 

Plant,  cell  and  environment  v.  14  (8):  p.  729-739; 
1991  Oct.  Includes  references. 

Language:  English 

Descriptors:  Plants;  Carbon  dioxide  enrichment; 
Air  temperature;  Climatic  change;  Photosynthesis; 
Photorespiration;  Carbon  dioxide;  Gas  exchange; 
Leaves;  Canopy;  Mathematical  models 

287  NAL  Call  No:  QK710.P55 
Molecular  responses  of  plants  to  an  increased  in¬ 
cidence  of  heat  shock. 

Howarth,  C.J. 

Oxford  :  Blackwell  Scientific  Publications;  1991 
Oct. 

Plant,  cell  and  environment  v.  14  (8):  p.  831-841; 
1991  Oct.  Literature  review.  Includes  references. 

Language:  English 

Descriptors:  Pennisetum  Americanum;  Sorghum 
bicolor;  Heat  shock;  Heat  shock  proteins;  Protein 
synthesis;  Heat  tolerance;  Genotypes;  Diurnal 
variation;  Literature  reviews;  Climatic  change 

288  NAL  Call  No:  S541.5.A4M57 
A  monitoring  strategy  to  detect  carbon  dioxide- 
induced  climatic  changes  in  the  polar  regions. 

Weller,  G. 

Fairbanks,  Alaska  :  The  Station;  1984  Mar. 
Miscellaneous  publication  -  University  of  Alaska, 
Agricultural  and  Forestry  Experiment  Station  (83- 
1):  p.  23-30;  1984  Mar.  Includes  references. 

Language:  English 

Descriptors:  Polar  regions;  Carbon  dioxide; 
Climatic  change;  Atmosphere;  Oceanography; 
Climatology;  Monitoring 


45 


Quick  Bibliography  Series 


289  NAL  Call  No:  470  SCI2 
Monitoring  the  fate  of  the  forests  from  space. 

Booth,  W. 

Washington,  D.C.  :  American  Association  for  the 
Advancement  of  Science;  1989  Marl7. 

Science  v.  243  (4897):  p.  1428-1429.  maps;  1989 
Marl7. 

Language:  English 

Descriptors :  Brazil;  Forests;  Remote  sensing; 
Deforestation;  Ecosystems;  Atmospheric  disturb¬ 
ances;  Monitoring 

Abstract:  Remote  sensing  is  a  powerful  tool  for  as¬ 
sessing  rates  of  deforestation  and  answering  ques¬ 
tions  about  global  warming  and  biodiversity;  so 
why  isn’t  anyone  doing  it? 

290  NAL  Call  No:  QH545.A1E52 
Mycorrhizal  mediation  of  plant  response  to  at¬ 
mospheric  change:  air  quality  concepts  and  re¬ 
search  considerations. 

Shafer,  S.R.;  Schoeneberger,  M.M. 

Essex  :  Elsevier  Applied  Science;  1991. 
Environmental  pollution  v.  73  (3/4):  p.  163-177; 
1991.  Special  issue  on  "Plant  Response  to  Atmos¬ 
pheric  Change".  Includes  references. 

Language:  English 

Descriptors :  Plants;  Stress;  Mycorrhizas;  Stress 
response;  Climatic  change;  Atmosphere;  Gases 

291  NAL  Call  No:  KF27.S3978  1987d 
The  National  Climate  Program  Act  and  global 
climate  change  hearings  before  the  Subcommittee 
on  Natural  Resources,  Agriculture  Reseacrch,  and 
Environment  and  the  Subcommittee  on  Interna¬ 
tional  Scientific  Cooperation  of  the  Committee  on 
Science,  Space,  and  Technology,  U.S.  House  of 
Representatives,  One  Hundredth  Congress,  first 
session,  July  22,  23,  29;  September  30,  1987. 
United  States.  Congress.  House.  Committee  on 
Science,  Space,  and  Technology.  Subcommittee  on 
Natural  Resources,  Agriculture  Research,  and  En¬ 
vironment;  United  States,  Congress,  House,  Com¬ 
mittee  on  Science,  Space,  and  Technology, 
Subcommittee  on  International  Scientific  Coopera¬ 
tion 

Washington,  [D.C.]  :  U.S.  G.P.O.  :  For  sale  by  the 
Supt.  of  Docs.,  Congressional  Sales  Office,  U.S. 
G.P.O.;  1988;  Y  4,Sci  2:100/73. 
iv,  760  p.  :  ill.,  maps  ;  24  cm.  Distributed  to  some 
depository  libraries  in  microfiche.  No.  73.  Item 


1025-A-l,  1025-A-2  (microfiche).  Includes 
bibliographies. 

Language:  English 

Descriptors:  Global  temperature  changes;  Climatic 
changes;  Greenhouse  effect,  Atmospheric; 
Weather  control,  United  States;  Weather  control, 
Law  and  legislation,  United  States 

292  NAL  Call  No:  KF26.F55  1988 
National  Energy  Policy  Act  of  1988  and  global 
warming  hearings  before  the  Committee  on  En¬ 
ergy  and  Natural  Resources,  United  States  Sen¬ 
ate,  One  Hundredth  Congress,  second  session,  on 
S.  2667  ...  August  11,  September  19  and  20,  1988. 
United  States.  Congress.  Senate.  Committee  on 
Energy  and  Natural  Resources 

Washington  [D.C.]  :  U.S.  G.P.O.  :  For  sale  by  the 
Supt.  of  Docs.,  Congressional  Sales  Office,  U.S. 
G.P.O.;  1989;  Y  4.En  2:S.hrg.  100-923. 
iii,  543  p.  :  ill.,  maps  ;  24  cm.  (S.  hrg.  ;  100-923). 
Distributed  to  some  depository  libraries  in  micro¬ 
fiche.  Includes  bibliographies. 

Language:  English 

Descriptors:  Global  temperature  changes;  Atmos¬ 
pheric  carbon  dioxide,  United  States;  Environmen¬ 
tal  protection,  United  States 

293  NAL  Call  No:  KF26.C69  1989 
National  Global  Change  Research  Act  of  1989 
hearing  before  the  Committee  on  Commerce,  Sci¬ 
ence,  and  Transportation,  United  States  Senate, 
One  Hundred  First  Congress,  first  session,  on  S. 
169  ...  February  22,  1989. 

United  States.  Congress.  Senate.  Committee  on 
Commerce,  Science,  and  Transportation 
Washington,  [D.C.|  :  U.S.  G.P.O.  :  For  sale  by  the 
Supt.  of  Docs.,  Congressional  Sales  Office,  U.S. 
G.P.O.;  1989;  Y  4.C  73/7:S.hrg.l01-32. 
iii,  185  p.  :  ill.,  maps  ;  24  cm.  (S.  hrg.  ;  101-32). 
Cover  title.  Includes  bibliographical  references. 

Language:  English 

Descriptors:  Climatic  changes;  Research;  Green¬ 
house  effect,  Atmospheric;  Research;  Ozone  layer 
depletion;  Research;  Global  temperature  changes; 
Research;  Global  warming;  Research;  Environ¬ 
mental  law;  United  States 

294  NAL  Call  No:  QC981.8.C5N38 
Natural  areas  facing  climate  change. 

Malanson,  George  Patrick, 

The  Hague,  The  Netherlands  :  SPB  Academic 
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Pub.;  1989. 

92  p.  :  ill.,  maps  ;  22  cm.  Includes  bibliographical 
references. 

Language:  English 

Descriptors :  Climatic  changes;  Climatology 

295  NAL  Call  No:  HM208.E5 
Natural  resources:  greenhouse  gases,  climate 
change,  and  U.S.  forest  markets. 

Regens,  J.L.;  Cubbage,  F.W.;  Hodges,  D.G. 
Washington,  D.C.  :  Heldref  Publications;  1989 
May. 

Environment  v.  31  (4):  p.  4-5,  41;  1989  May.  In¬ 
cludes  references. 

Language:  English 

Descriptors :  Great  basin  and  pacific  slope;  South 
eastern  states  of  U.S.A.;  Pinus  taeda;  Pseudotsuga 
menziesii;  Forest  products  industries;  Forest  man¬ 
agement;  Air  pollution;  Gases;  Carbon  dioxide; 
Climatic  change 

296  NAL  Call  No:  QH543.P76 
Net  primary  production  deduced  with  the  Ham¬ 
burg  model  from  climate  change  predictions  with 
GCMs  for  elevated  C02  scenarios. 

Lieth,  H. 

Lisse  :  Swets  &  Zeitlinger;  1984. 

Progress  in  biometeorology  v.  3:  p.  335-343.  maps; 
1984.  Paper  presented  at  the  "Symposium  on  In¬ 
teractions  between  Climate  and  Biosphere,"  March 
21-23,  1983,  Osnabruck,  West  Germany.  Includes 
references. 

Language:  English 

Descriptors:  Carbon  dioxide;  Atmosphere;  Tem¬ 
peratures;  Precipitation;  Prediction;  Models;  Bio¬ 
logical  production 

297  NAL  Call  No:  S605.5.O74 
New  hardiness  zone  map. 

Damsker,  M. 

Emmaus,  Pa.  :  Rodale  Press,  Inc;  1990  Mar. 
Organic  gardening  v.  37  (3):  p.  85-84.  maps;  1990 
Mar. 

Language:  English 

Descriptors:  U.S. A.;  Maps;  Plants;  Hardiness; 
Climatic  change;  Zoning;  Usda 

298  NAL  Call  No:  292.8  W295 
A  new  method  to  determine  regional 
evapotranspiration. 


Magaritz,  M.;  Kaufman,  A.;  Paul,  M.;  Boaretto,  E.; 
Hollos,  G. 

Washington,  D.C.  :  American  Geophysical  Union; 
1990  Aug. 

Water  resources  research  v.  26  (8):  p.  1759-1762. 
maps;  1990  Aug.  Includes  references. 

Language:  English 

Descriptors:  Jordan;  Evapotranspiration;  Soil  water 
recharge;  Water  reservoirs;  Chlorides; 
Radionuclides;  Precipitation;  Climatic  change; 
Hydrological  cycle;  Hydrological  models;  River 
basins 

Abstract:  A  method  is  described  whereby  the 
chloride  concentration  and  the  ratio  of  36C1  to 
total  chloride  of  a  given  water  body  are  compared 
with  those  of  precipitation  to  determine  the  frac¬ 
tion  of  the  original  precipitation  which  was  lost  by 
evapotranspiration  before  it  reached  that  water 
body.  This  method  was  applied  to  11  water  sources 
in  the  upper  Jordan  River  basin,  and  the 
evapotranspirative  loss  was  generally  found  to  be 
in  the  range  40-90%.  This  method,  which  is  much 
simpler  than  the  other  methods  for  determining 
regional  evapotranspiration,  will  enable  us  to  mon¬ 
itor  the  changes  in  the  hydrological  cycle  which  are 
expected  to  result  from  the  greenhouse  effect. 

299  NAL  Call  No:  S541J.A4M57 
Observed  and  predicted  effects  of  climate  change 
on  Wolverine  Glacier,  Southern  Alaska. 

Mayo,  L.R.;  Trabant,  D.C. 

Fairbanks,  Alaska  :  The  Station;  1984  Mar. 
Miscellaneous  publication  -  University  of  Alaska, 
Agricultural  and  Forestry  Experiment  Station  (83- 
1):  p.  114-123.  maps;  1984  Mar.  Includes  refer¬ 
ences. 

Language:  English 

Descriptors:  Alaska;  Climatic  change;  Glaciology; 
Carbon  dioxide;  Hydrology;  Air  temperature 

300  NAL  Call  No:  QH543.P76 
One-dimensional  modelling  of  man’s  impacts  on 
climate. 

Tricot,  C. 

Lisse  :  Swets  &  Zeitlinger;  1984. 

Progress  in  biometeorology  v.  3:  p.  91-100.  ill;  1984. 
Paper  presented  at  the  "Symposium  on  Interac¬ 
tions  between  Climate  and  Biosphere,"  March  21- 
23,  1983,  Osnabruck,  West  Germany.  Includes 
references. 

Language:  English 
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Descriptors :  Human  activity;  Climate;  Models;  Car¬ 
bon  dioxide;  Concentration;  Temperatures 

301  NAL  Call  No:  QC981.8.C5F42 
Our  changing  planet  the  FY  1990  research  plan  : 
executive  summary  :  the  U.S.  Global  Change  Re¬ 
search  Program  :  a  report.  (Executive  summary: 
the  U.S.  global  change  research  program  U.S. 
Global  Change  Research  Program.) 

Peck,  Dallas  L. 

Federal  Coordinating  Council  for  Science,  Engi¬ 
neering,  and  Technology.  Committee  on  Earth 

Sciences 

Washington,  D.C.  :  The  Committee;  1989. 

ii,  43  p.  :  ill.  ;  23  cm.  Committee  chairman:  Dallas 

Peck.  July  1989. 

Language:  English 

Descriptors'.  Climatic  changes;  Research;  United 
States;  Climatic  changes;  Research;  Government 
policy;  United  States;  Earth;  Research;  United 
States;  Earth;  Research;  Government  policy; 
United  States;  Geodynamics;  Research;  United 
States;  Geodynamics;  Research;  Government 
policy;  United  States;  Earth  sciences;  United 
States;  Earth  sciences;  Government  policy;  United 
States;  Earth  sciences;  United  States;  Earth 
sciences;  Government  policy;  United  States 

302  NAL  Call  No:  QC981.8.C5F421 
Our  changing  planet  the  FY  1990  research  plan  : 
the  U.S.  Global  Change  Research  Program  :  a 
report.  (U.S.  Global  Change  Research  Program.) 

Peck,  Dallas  L. 

Federal  Coordinating  Council  for  Science,  Engi¬ 
neering,  and  Technology.  Committee  on  Earth 

Sciences 

Washington,  D.C.  :  The  Committee;  1989. 

1  v.  (various  pagings)  :  ill.  ;  28  cm.  Committee 
chairman:  Dallas  Peck.  July  1989. 

Language:  English 

Descriptors'.  Climatic  changes;  Research;  United 
States;  Climatic  changes;  Research;  Government 
policy;  United  States;  Earth;  Research;  United 
States;  Earth;  Research;  Government  policy; 
United  States;  Geodynamics;  Research;  United 
States;  Geodynamics;  Research;  Government 
policy;  United  States 

303  NAL  Call  No:  QC881.2.S8097 
Ozone  depletion,  greenhouse  gases,  and  climate 
change  proceedings  of  a  joint  symposium  by  the 


Board  on  Atmospheric  Sciences  and  Climate  and 
the  Committee  on  Global  Change,  Commission  on 
Physical  Sciences,  Mathematics,  and  Resources, 
National  Research  Council. 

National  Research  Council  (U.S.),  Board  on  At¬ 
mospheric  Sciences  and  Climate,  National  Re¬ 
search  Council  (U.S.),  Committee  on  Global 
Change 

Joint  Symposium  on  Ozone  Depletion,  Green¬ 
house  Gases,  and  Climate  Change  1988  :  National 
Academy  of  Sciences. 

Washington,  D.C.  :  National  Academy  Press;  1989. 
xiv,  122  p.  :  ill.  ;  23  cm.  "Proceedings  of  the  Joint 
Symposium  on  Ozone  Depletion,  Greenhouse 
Gases,  and  Climate  Change,  held  at  the  National 
Academy  of  Sciences,  March  23,  1988",  P.  xi.  In¬ 
cludes  bibliographies  and  index. 

Language:  English 

Descriptors :  Stratospheric  ozone;  Reduction;  Con¬ 
gresses;  Climatic  changes;  Congresses;  Green¬ 
house  effect,  Atmospheric;  Congresses 

304  NAL  Call  No:  RA569.8.09 
Ozone  depletion  health  and  environmental  conse¬ 
quences. 

Russell  Jones,  Robin;  Wigley,  T. 

International  Conference  on  the  Health  and  Envi¬ 
ronmental  Consequences  of  Stratospheric  Ozone 
Depletion  1988  :  Royal  Institute  of  British  Ar¬ 
chitects. 

Chichester  ;  New  York  :  Wiley  ;  New  York,  NY, 
USA  :  Distributed  in  the  USA,  Canada,  and  Japan 
by  A.R.  Liss;  1989. 

xix,  280  p.  :  ill.  ;  24  cm.  "Proceedings  of  an  Inter¬ 
national  Conference  on  the  Health  and  Environ¬ 
mental  Consequences  of  Stratospheric  Ozone 
Depletion,  held  at  the  Royal  Institute  of  British  Ar¬ 
chitects,  London,  on  November  28-29,  1988",  Pref. 
Includes  bibliographical  references. 

Language:  English 

Descriptors'.  Ozone  layer  depletion;  Health  aspects; 
Congresses;  Ozone  layer  depletion;  Environmental 
aspects;  Congresses;  Grcenhouse  effect,  Atmos¬ 
pheric;  Congresses;  Chlorofluorocarbons;  Con¬ 
gresses;  Global  warming;  Congresses 

305  NAL  Call  No:  KF26.E645  1986a 
Ozone  depletion,  the  greenhouse  effect,  and 
climate  change  hearings  before  the  Subcommittee 
on  Environmental  Pollution  of  the  Committee  on 
Environment  and  Public  Works,  United  States 
Senate,  Ninety-ninth  Congress,  second  session, 


48 


GLOBAL  WARMING  AND  THE  GREENHOUSE  EFFECT 


June  10  and  11,  1986. 

United  States.  Congress.  Senate.  Committee  on 
Environment  and  Public  Works.  Subcommittee  on 
Environmental  Pollution 

Washington,  [D.C.]  :  U.S.  G.P.O.  :  For  sale  by 
the  Supt.  of  Docs.,  Congressional  Sales  Office, 
U.S.  G.P.O. ;  1986. 

iv,  326  p.  :  ill.,  maps  ;  24  cm.  (S.  hrg.  ;  99-723). 
Distributed  to  some  depository  libraries  in  micro¬ 
fiche.  Shipping  list  no.:  86-731-P.  Includes 
bibliographies. 

Language:  English 

Descriptors :  Atmospheric  ozone,  Reduction,  Gov¬ 
ernment  policy,  United  States;  Greenhouse  effect, 
Atmospheric,  United  States;  Climatic  changes, 
United  States 

306  NAL  Call  No:  TD171.U5 
Part  of  the  problem  and  part  of  the  answer. 

Postel,  S. 

Washington,  D.C.  :  Office  of  Public  Awareness; 
1989  Jan. 

EPA  journal  v.  15  (1):  p.  44-46.  ill;  1989  Jan. 
Language:  English 

Descriptors:  U.S.A.;  Air  pollution;  Problem  solving; 
Forest  policy;  Afforestation;  Carbon  dioxide; 
Deforestation;  Environmental  impact  reporting; 
Ecosystems;  Climatic  change 

307  NAL  Call  No:  QH301.P535 
Photosynthesis  and  plant  productivity,  scaling  to 
the  biosphere. 

Mooney,  HA.;  Field,  C.B. 

New  York,  N.Y.  :  Alan  R.  Liss;  1989. 

Plant  biology  v.  8:  p.  19-44;  1989.  In  the  series  ana¬ 
lytic:  Photosynthesis  /  edited  by  W.R.  Briggs. 
Proceedings  of  the  C.S.  French  Symposium,  July 
17-23,  1988,  Stanford,  California.  Literature 
review.  Includes  references. 

Language:  English 

Descriptors:  Photosynthesis;  Biomass;  Carbon  cy¬ 
cle;  Carbon  dioxide;  Ecosystems;  Meteorology; 
Plant  metabolism;  Vegetation  types;  Literature 
reviews 

308  NAL  Call  No:  472  N21 
Photosynthesis  seen  from  above. 

Warrick,  R.A. 

Neptune,  N.J.  :  Macmillan  Journals;  1986  Janl6. 
Nature  v.  319  (6050):  p.  181;  1986  Janl6.  Includes 
8  references. 


Language:  English 

Descriptors:  Climatic  change;  Vegetation;  Remote 
sensing;  Carbon  dioxide;  Atmosphere;  Monitoring; 
Models 

309  NAL  Call  No:  QK710.P55 
Physiology  of  inorganic  C  acquisition  and  impli¬ 
cations  for  resource  use  efficiency  by  marine 
phytoplankton:  relation  to  increased  C02  and 
temperature. 

Raven,  J.A. 

Oxford  :  Blackwell  Scientific  Publications;  1991 
Oct. 

Plant,  cell  and  environment  v.  14  (8):  p.  779-794; 
1991  Oct.  Literature  review.  Includes  references. 

Language:  English 

Descriptors:  Phytoplankton;  Carbon  dioxide;  Diffu¬ 
sion;  Transport  processes;  Cell  membranes; 
Photosynthesis;  Ribulose-bisphosphate  car¬ 
boxylase;  Enzyme  activity;  Carbon  dioxide  enrich- 
ment;  Temperature;  Sea  water;  Marine 
environment;  Literature  reviews 

310  NAL  Call  No:  SB191.W5L9  1974 
Plans  for  wheat/climate-change  research. 

Sakamoto,  C. 

Houston,  Tex.  :  Natl  Aeronautics  and  Space  Adm, 
Lyndon  B.  Johnson  Space  Center;  1975. 
Proceedings  of  the  1974  Lyndon  B.  Johnson  Space 
Center  Wheat-Yield  Conference,  p.  2/1-2/4;  1975. 
(NASA  TM  ;  X-58158). 

Language:  English 

Descriptors:  Planning  of  research;  Models; 
Triticum;  Crop  yield;  Climatic  change;  Cultivation; 
Areas;  Agricultural  meteorology 

311  NAL  Call  No:  SB123J.C57 
Plant  genetic  resources,  a  perspective. 

Jackson,  M.T.;  Ford-Lloyd,  B.V. 

New  York  :  Belhaven  Press;  1990. 

Climatic  change  and  plant  genetic  resources  / 
edited  by  M.T.  Jackson,  B.V.  Ford-Lloyd,  M.L. 
Parry,  p.  1-17;  1990.  Includes  references. 

Language:  English 

Descriptors:  Climatic  change;  Air  temperature; 
Carbon  dioxide;  Crops;  Diversity;  Genetic  re¬ 
sources;  Resource  conservation 

312  NAL  Call  No:  QH545A1E52 
Plant  response  to  atmospheric  change:  introduc- 
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tion. 

Schoeneberger,  M.M.;  Shafer,  S.R. 

Essex  :  Elsevier  Applied  Science;  1991. 
Environmental  pollution  v.  73  (3/4):  p.  159-161; 
1991.  Special  issue  on  "Plant  Response  to  Atmos¬ 
pheric  Change".  Includes  references. 

Language:  English 

Descriptors'.  Mycorrhizas;  Climatic  change 

313  NAL  Call  No:  QH540J6 

Plant  responses  to  rising  carbon  dioxide  and  po¬ 
tential  interactions  with  air  pollutants. 

Allen,  L.H.  Jr 

Madison,  Wis.  :  American  Society  of  Agronomy; 
1990  Jan. 

Journal  of  environmental  quality  v.  19  (1):  p.  15-34; 
1990  Jan.  Literature  review.  Includes  references. 

Language:  English 

Descriptors :  Plants;  Plant  damage;  Stress  response; 
Air  pollution;  Carbon  dioxide;  Climatic  change; 
Photosynthesis;  Transpiration;  Leaf  area;  Biomass 
accumulation;  Sulfur  dioxide;  Ozone 

Abstract:  As  global  population  increases  and  indus¬ 
trialization  expands,  carbon  dioxide  (C02)  and 
toxic  air  pollutants  can  be  expected  to  be  injected 
into  the  atmosphere  at  increasing  rates.  This  anal¬ 
ysis  reviews  a  wide  range  of  direct  plant  responses 
to  rising  C02,  increasing  levels  of  gaseous  pollut¬ 
ants,  and  climate  change,  and  to  potential  interac¬ 
tions  among  the  factors.  Although  several 
environmental  interactions  on  stomata  and  foliage 
temperatures  are  reviewed  briefly,  a  comprehen¬ 
sive  review  of  effects  of  potential  climatic  change 
on  plants  is  not  a  majoi  objective  of  this  analysis. 
Research  shows  that  elevated  C02  increases  pho¬ 
tosynthetic  rates,  leaf  area,  biomass,  and  yield. 
Elevated  C02  also  reduces  transpiration  rate  per 
unit  leaf  area,  but  not  in  proportion  to  reduction 
of  stomatal  conductance,  because  foliage  temper¬ 
ature  tends  to  rise.  With  increasing  leaf  area  and 
foliage  temperature,  water  use  per  unit  land  area 
is  scarcely  reduced  by  elevated  C02.  Increases  in 
photosynthetic  water-use  efficiency  are  caused 
primarily  by  increased  photosynthesis  rather  than 
reduced  transpiration.  Gaseous  pollutants  (03, 
S02,  N02,  H2S)  affect  plants  adversely  primarily 
by  entry  through  the  stomata.  An  example  calcula¬ 
tion  showed  that  reduction  in  stomata!  conduc¬ 
tance  by  doubled  C02  could  potentially  reduce  the 
effects  of  ambient  03  and  S02  by  15%.  However, 
information  on  the  interaction  of  C02  and  air  pol¬ 


lutants  is  scanty.  More  research  is  needed  on  these 
interactions,  because  regional  changes  in  air  pol¬ 
lutants  are  occurring  concurrently  with  global 
changes  in  C02. 

314  NAL  Call  No:  aS21.A8U5/ARS 
Point  storm  disaggregation,  seasonal  and  regional 
effects. 

Woolhiser,  DA.;  Osborn,  H.B. 

Washington,  D.C.  :  The  Service;  1985. 

Reprints  -  U.S.  Department  of  Agriculture, 
Agricultural  Research  Service  [76]:  16  p.;  1985.  In¬ 
cludes  references. 

Language:  English 

Descriptors:  Arizona;  Climatic  change;  Rain; 
Regions;  Runoff;  Seasonal  variation;  Simulation 
models;  Watershed  management 

315  NAL  Call  No:  QC981.8.C5N32 
The  polar  regions  and  climatic  change. 

National  Research  Council  (U.S.).  Committee  on 
the  Role  of  the  Polar  Regions  in  Climatic  Change 
Washington,  D.C.  :  National  Academy  Press  ; 
[available  from  Polar  Research  Board];  1984. 
xiv,  59  p.  ;  23  cm.  Bibliography:  p.  54-59. 

Language:  English 

Descriptors :  Climatic  changes;  Polar  regions 

316  NAL  Cal!  No:  QC981.8.C5N3212 
The  polar  regions  and  climatic  change  appendix. 

National  Research  Council  (U.S.).  Committee  on 
the  Role  of  the  Polar  Regions  in  Climatic  Change 
Washington,  D.C.  :  National  Academy  Press  ; 
[available  from  Polar  Research  Board];  1984. 
xi,  113  p.  :  ill.  maps  ;  23  cm.  Cover  title.  Includes 
bibliographies. 

Language:  English 

Descriptors:  Polar  regions;  Climatic  changes 

317  NAL  Call  No:  KF26.E647  1989 
Policy  options  for  stabilizing  global  climate 
hearing  before  the  Subcommittee  on  Environmen¬ 
tal  Protection  of  the  Committee  on  Environment 
and  Public  Works,  United  States  Senate,  One 
Hundred  First  Congress,  first  session,  March  17, 
1989. 

United  States.  Congress.  Senate.  Committee  on 
Environment  and  Public  Works.  Subcommittee  on 
Environmental  Protection 

Washington,  [D.C.)  :  U.S.  G.P.O.  :  For  sale  by  the 
Supt.  of  Docs.,  Congressional  Sales  Office,  U.S. 
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G.P.O.;  1989;  Y  4.P  96/10:S.hrg.l01-31. 
iii,  69  p.  :  ill.  ;  24  cm.  (S.  hrg.  ;  101-31).  Distrib¬ 
uted  to  some  depository  libraries  in  microfiche. 

Language:  English 

Descriptors:  Global  temperature  changes;  Green¬ 
house  effect,  Atmospheric;  Climatic  changes 

318  NAL  Call  No:  QC981.8.C5P6 
Policy  options  of  adaptation  to  climate  change  a 
study  from  Resources  for  the  Future,  Climate  Re¬ 
sources  Program. 

Rosenberg,  Norman  J., 

Resources  for  the  Future,  Climate  Resources  Pro¬ 
gram 

Washington,  D.C. :  Energy  and  Natural  Resources 
Division,  Resources  for  the  Future;  1989. 

45,  7  p.  ;  28  cm.  (Discussion  paper  (Resources  for 
the  Future)  ;  ENR  89-05.).  March  1989.  Chapter 
8  of  a  report  to  the  Governing  Board  of  the  United 
Nations  Environmental  Programme  (UNEP).  In¬ 
cludes  bibliographical  references. 

Language:  English 

Descriptors:  Climatic  changes;  Government  policy; 
Greenhouse  effect,  Atmospheric;  Government 
policy;  Environmental  policy 

319  NAL  Call  No:  SD143.S64 
Pollution  and  a  changing  climate,  implications  for 
world  forests. 

Woodman,  J.N. 

Bethesda,  Md.  :  The  Society;  1986. 

Proceedings  of  the. ..Society  of  American  Foresters 
National  Convention,  p.  29-33;  1986. 

Language:  English 

Descriptors:  Forests;  Air  pollution;  Climate;  Forest 
damage;  Carbon  dioxide;  Temperatures 

320  NAL  Call  No:  340.8  AM32 
Possibilities  of  major  climatic  modification  and 
their  implications:  northwest  India,  a  case  for 
study. 

Bryson,  R.A.;  Baerreis,  D.A. 

Lancaster,  Pa.  :  The  Society  :.;  1967  Mar. 

Bulletin  of  the  American  Meteorological  Socoiety 
v.  48  (3):  p.  136-142.  ill.,  maps;  1967  Mar.  Includes 
references. 

Language:  English 

Descriptors:  India;  Pakistan;  Deserts;  Dusts;  Arid 
climate;  Climatic  change;  Desertification;  Archae¬ 
ology 


321  NAL  Call  No:  S541.5.A4M57 
Possible  effects  of  a  global  warming  on  Arctic  sea 
ice,  precipitation,  and  carbon  balance. 

Kellogg,  W.W. 

Fairbanks,  Alaska  :  The  Station;  1984  Mar. 
Miscellaneous  publication  -  University  of  Alaska, 
Agricultural  and  Forestry  Experiment  Station  (83- 
1):  p.  59-66.  maps;  1984  Mar.  Includes  references. 

Language:  English 

Descriptors:  Alaska;  Carbon  dioxide;  Arctic 
regions;  Climatic  change;  Environmental  tempera¬ 
ture;  Arctic  tundra 

322  NAL  Call  No:  442.8  AN72 
Possible  impact  of  global  warming  on  cabbage 
root  fly  (Delia  radicum)  activity  in  the  UK. 

Collier,  R.H.;  Finch,  S.;  Phelps,  K.;  Thompson, 
A.R. 

Warwick  :  Association  of  Applied  Biologists;  1991 
Apr. 

Annals  of  applied  biology  v.  118  (2):  p.  261-271; 
1991  Apr.  Includes  references. 

Language:  English 

Descriptors:  Uk;  Delia  radicum;  Developmental 
stages;  Diapause;  Oviposition;  Climatic  change; 
Temperature;  Simulation  models 

323  NAL  Call  No:  99.8  F767 
Possible  impacts  of  climatic  warming  on  trees  and 
forests  in  the  United  Kingdom:  a  review. 

Canned,  M.G.R.;  Grace,  J.;  Booth,  A. 

London  :  Oxford  University  Press;  1989. 

Forestry  :  The  journal  of  the  Institute  of  Chartered 
Foresters  v.  62  (4):  p.  337-364.  maps;  1989.  Litera¬ 
ture  review.  Includes  references. 

Language:  English 

Descriptors:  United  Kingdom;  Forestry;  Climatic 
change;  Growth;  Yields;  Carbon  dioxide;  Forest 
soils;  Soil  temperature 

324  NAL  Call  No:  281.8  C16 
Potential  adjustments  to  climatic  change. 

Arthur,  L.M. 

Ottawa  :  Canadian  Agricultural  Economics  and 
Farm  Management  Society;  1990  Dec. 

Canadian  journal  of  agricultural  economics;  Revue 
Canadienne  d’economie  rurale  v.  38  (4,pt.l):  p. 
711-716;  1990  Dec.  Paper  presented  at  a 
Workshop,  July  23-25,  1990,  Penticton,  British  Co- 
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lumbia.  Includes  references. 

Language:  English 

Descriptors:  Climatic  change;  Prevention;  Environ¬ 
mental  protection;  Adaptability 

325  NAL  Call  No:  TD885.5.C3R5 
Potential  climatic  impacts  of  increasing  atmos¬ 
pheric  C02  with  emphasis  on  water  availability 
and  hydrology  in  the  United  States  report. 

Rind,  David;  Lebedeff,  Sergej 

Goddard  Institute  for  Space  Studies,  United  States, 

Environmental  Protection  Agency,  Office  of 

Policy,  Planning,  and  Evaluation,  Strategic  Studies 

Staff' 

Washington,  D.C.?  :  U.S.  Environmental  Protec¬ 
tion  Agency,  Strategic  Studies  Staff,  Office  of 
Policy  Analysis,  Office  of  Policy  Planning  and  Eval¬ 
uation;  1984;  EP  1.2:C  61/2. 
x,  96  leaves  :  ill.,  3  maps  ;  28  cm.  April  1984.  Cover 
title.  EPA  230-04-84-006.  DE85  901081.  Bibliogra¬ 
phy:  p.  94-96. 

Language:  English 

Descriptors:  Atmospheric  carbon  dioxide,  United 
States,  Measurement,  Testing;  Precipitation 
forecasting,  United  States 

326  NAL  Call  No:  QC980.C55 
Potential  C02 -induced  climate  effects  on  North 
American  wheat-producing  regions. 

Rosenzweig,  C. 

Dordrecht  ;  D.  Reidel  Pub.  Co;  1985  Dec. 
Climatic  change  v.  7  (4):  p.  367-389.  ill.,  maps;  1985 
Dec.  Includes  references. 

Language:  English 

Descriptors:  North  America;  Carbon  dioxide; 
Climatic  change;  Agroclimatic  regions;  Wheat; 
Crop  production;  Mapping;  Simulation  models 

327  NAL  Call  No:  S541.5.A4M57 
The  potential  effects  of  carbon  dioxide-induced 
climate  changes  in  Alaska:  conclusions  and  rec¬ 
ommendations. 

McBeath,  J.H.;  Weller,  G.;  Juday,  G.P.;  Os- 
terkamp,  T.E.;  Neve,  R.A. 

Fairbanks,  Alaska  :  The  Station;  1984  Mar. 
Miscellaneous  publication  -  University  of  Alaska, 
Agricultural  and  Forestry  Experiment  Station  (83- 
1):  p.  193-196;  1984  Mar. 

Language:  English 

Descriptors:  Alaska;  Carbon  dioxide;  Climatic 


change;  Projections;  Climatic  zones 

328  NAL  Call  No:  HD1750.W4 
Potential  effects  of  climate  change  on  agriculture 
in  the  prairie  region  of  Canada. 

Arthur,  L.M.;  Abizadeh,  F. 

Lincoln,  Neb.  :  Western  Agricultural  Economics 
Association;  1988  Dec. 

Western  journal  of  agricultural  economics  v.  13 
(2):  p.  216-224;  1988  Dec.  Includes  references. 

Language:  English 

Descriptors:  Canada;  Agroclimatology;  Carbon 
dioxide;  Crop  yield;  Prairies;  Climatic  change; 
Simulation  models 

329  NAL  Call  No:  NBULD3656  1991  K566 
Potential  effects  of  climate  change  on  milk  pro¬ 
duction  and  conception  rate  in  dairy  cattle  in  the 
United  States  and  western  Europe.  (University  of 
Nebraska,  Lincoln  thesis  :  Agronomy.) 

Klinedinst,  Peggy  Lea 

1991;  1991. 

70  leaves  ;  28  cm.  Includes  bibliographical  refer¬ 
ences. 

Language:  English 


330  NAL  Call  No:  SD13.C35 
Potential  effects  of  climate  change  on  stand  devel¬ 
opment  in  the  Pacific  Northwest. 

Dale,  V.H.;  Franklin,  J.F. 

Ottawa,  Ont.  :  National  Research  Council  of 
Canada;  1989  Dec. 

Canadian  journal  of  forest  research;  Journal 
canadien  de  recherche  forestiere  v.  19  (12):  p. 
1581-1590.  maps;  1989  Dec.  Includes  references. 

Language:  English 

Descriptors:  Oregon;  Washington;  British  Colum¬ 
bia;  Climatic  change;  Stand  development;  Carbon 
dioxide;  Simulation  models;  Ecosystems;  Forest 
succession 

331  NAL  Call  No:  QK710.P55 
Potential  effects  of  elevated  C02  and  changes  in 
temperature  on  tropical  plants. 

Hogan,  K.P.;  Smith,  A.P.;  Ziska,  L.H. 

Oxford  :  Blackwell  Scientific  Publications;  1991 
Oct. 

Plant,  cell  and  environment  v.  14  (8):  p.  763-778; 
1991  Oct.  Literature  review.  Includes  references. 
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Language:  English 

Descriptors:  Plants;  Tropics;  Carbon  dioxide  en¬ 
richment;  Air  temperature;  Climatic  change; 
Photosynthesis;  Growth  rate;  Drought;  Water  use 
efficiency;  Transpiration;  Water  stress;  Literature 
reviews;  Tropical  zones 

332  NAL  Call  No:  QC981.8.C5P671 
The  Potential  effects  of  global  climate  change  on 
the  United  States  [appendices]. 

Smith,  Joel  B.;  Tirpak,  Dennis  A. 

Washington,  D.C.  :  Office  of  Policy,  Planning  and 
Evaluation,  U.S.  Environmental  Protection 
Agency;  1989. 

10  v.  :  ill.,  maps  ;  28  cm.  May  1989.  "Policy,  plan¬ 
ning  and  evaluation  (PM-221)”,  Cover.  "EPA-230- 
05-89-051  -  EPA-230-05-89-060,  June  1989”,  Cover. 
Includes  bibliographical  references. 

Language:  English 

Descriptors:  Climatic  changes;  Climatic  changes; 
Global  warming;  Greenhouse  effect,  Atmospheric 

333  NAL  Call  No:  S541.5.A4M57 
Potential  impact  of  a  warmer  climate  on  per¬ 
mafrost  in  Alaska. 

Osterkamp,  T.E. 

Fairbanks,  Alaska  :  The  Station;  1984  Mar. 
Miscellaneous  publication  -  University  of  Alaska, 
Agricultural  and  Forestry  Experiment  Station  (83- 
1):  p.  106-113.  ill;  1984  Mar.  Includes  references. 

Language:  English 

Descriptors:  Alaska;  Permafrost;  Carbon  dioxide; 
Climatic  change;  Environment;  Topography; 
Mathematical  models 

334  NAL  Call  No:  SD390.7.G73G74 
Potential  impact  of  carbon  dioxide-induced 
climate  changes  on  management  of  Douglas-fir 
and  western  hemlock. 

Woodman,  J.N. 

Washington,  D.C.  :  Conservation  Foundation; 
1987. 

The  Greenhouse  effect,  climate  change,  and  U.S. 
forests  /  edited  by  William  E.  Shands  and  John  S. 
Hoffman,  p.  277-283;  1987. 

Language:  English 

Descriptors:  U.S.A.;  Tsuga  heterophylla;  Pseudo- 
tsuga  menziesii;  Climatic  change;  Carbon  dioxide; 
Silvicultural  systems;  Forest  management;  Deci¬ 
sion  making 


335  NAL  Call  No:  KF26.A35  1988d 
The  potential  impact  of  global  warming  on 
agriculture  hearing  before  the  Committee  on 
Agriculture,  Nutrition,  and  Forestry,  United 
States  Senate,  One  Hundredth  Congress,  second 
session  ...  December  1,  1988. 

United  States.  Congress.  Senate.  Committee  on 
Agriculture,  Nutrition,  and  Forestry 
Washington  [D.C.]  :  U.S.  G.P.O.  :  For  sale  by  the 
Supt.  of  Docs.,  Congressional  Sales  Office,  U.S. 
G.P.O. ;  1989;  Y  4Ag  8/3:S.hrg.  100-980. 
iv,  108  p.  :  ill.,  maps  ;  23  cm.  (S.  hrg.  ;  100-980). 
Distributed  to  some  despository  libraries  in  micro¬ 
fiche.  Bibliography:  p.  33. 

Language:  English 

Descriptors:  Crops  and  climate,  United  States; 
Meteorology,  Agricultural;  Greenhouse  effect,  At¬ 
mospheric 

336  NAL  Call  No:  S541.5.A4M57 
Potential  impact  on  the  arts  in  Alaska  of  carbon 
dioxide-induced  climate  change. 

Woodward,  K. 

Fairbanks,  Alaska  :  The  Station;  1984  Mar. 
Miscellaneous  publication  -  University  of  Alaska, 
Agricultural  and  Forestry  Experiment  Station  (83- 
1):  p.  178-183;  1984  Mar.  Includes  references. 

Language:  English 

Descriptors:  Alaska;  Landscape;  Climatic  change; 
Snow  cover;  Economic  impact;  Arts 

337  NAL  Call  No:  S601A34 
Potential  impacts  of  a  C02-induced  climate 
change  using  the  GISS  scenario  on  agriculture  in 
Quebec,  Canada. 

Singh,  B.;  Stewart,  R.B. 

Amsterdam  :  Elsevier;  1991  May. 

Agriculture,  ecosystems  and  environment  v.  35  (4): 
p.  327-347;  1991  May.  Includes  references. 

Language:  English 

Descriptors:  Quebec;  Cereals;  Oilseeds;  Climatic 
change;  Carbon  dioxide;  Dry  matter;  Biomass; 
Crop  yield;  Simulation  models;  Agricultural  pro¬ 
duction;  Agricultural  regions 

338  NAL  Call  No:  58.9  IN7 
Potential  impacts  of  climatic  change  in  the  UK. 

Parry,  M. 

Silsoe  :  Institution  of  Agricultural  Engineers;  1989. 
The  Agricultural  engineer  v.  44  (4):  p.  124-125. 
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maps;  1989.  Includes  references. 

Language:  English 

Descriptors'.  Uk;  Climatic  change;  Crop  production; 
Temperature;  Rain;  Location  of  production; 

Weeds;  Diseases;  Pests 

339  NAL  Call  No:  292.9  C1282 
Potential  implications  of  global  warming  for  Cal¬ 
ifornia’s  water  supply. 

Dracup,  J.A.;  Kendall,  D.R. 

Riverside,  Calif.  :  The  Center;  1990  May. 

Report  -  California  Water  Resources  Center,  Uni¬ 
versity  of  California  (72):  p.  73-77;  1990  May. 
Proceedings:  Coping  with  Water  Scarcity:  The 
Role  of  Ground  Water.  Paper  presented  at  the 
"Seventeenth  Biennial  Conference  on  Ground 
Water,  September  25-26,  1989,  San  Diego,  Califor¬ 
nia.  Includes  references. 

Language:  English 

Descriptors'.  California;  Water  resources;  Climatic 
change;  Water  supply 

340  NAL  Call  No:  S541.5.A4M57 
Potential  responses  of  permafrost  to  climatic  war¬ 
ming. 

Goodwin,  C.W.;  Brown,  J.;  Outcalt,  S.I. 

Fairbanks,  Alaska  :  The  Station;  1984  Mar. 
Miscellaneous  publication  -  University  of  Alaska, 
Agricultural  and  Forestry  Experiment  Station  (83- 
1):  p.92-105.  maps;  1984  Mar.  Includes  references. 

Language:  English 

Descriptors'.  Alaska;  Permafrost;  Carbon  dioxide; 
Climatic  change;  Simulation  models;  Computer 
software;  Air  temperature 

341  NAL  Call  No:  SB123J.C57 
Predicted  climate  changes  under  ’greenhouse-gas’ 
warming. 

Rowntree,  P.R. 

New  York  :  Belhaven  Press;  1990. 

Climatic  change  and  plant  genetic  resources  / 
edited  by  M.T.  Jackson,  B.V.  Ford-Lloyd,  M.L. 
Parry,  p.  18-33;  1990.  Includes  references. 

Language:  English 

Descriptors:  Climatic  change;  Air  quality;  Air  tem¬ 
perature;  Carbon  dioxide;  Gases;  Soil  water; 
Weather  data 

342  NAL  Call  No:  SD390.7.G73G74 


Predicting  regional  climate  change:  improving  the 
models. 

Rind,  D. 

Washington,  D.C.  :  Conservation  Foundation; 
1987. 

The  Greenhouse  effect,  climate  change,  and  U.S. 
forests  /  edited  by  William  E.  Shands  and  John  S. 
Hoffman,  p.  77-90.  maps;  1987.  Includes  refer¬ 
ences. 

Language:  English 

Descriptors:  Climatic  change;  Models;  Prediction; 
Atmosphere;  Carbon  dioxide;  Thermal  radiation; 
World  problems 

343  NAL  Call  No:  QH541.15.M3E25 
Predicting  the  response  of  plants  to  increasing 
carbon  dioxide:  a  critique  of  plant  growth  models. 

Reynolds,  J.F.;  Acock,  B. 

Amsterdam  :  Elsevier;  1985  Sep. 

Ecological  modelling  v.  29  (1/4):  p.  107-129.  ill; 
1985  Sep.  Includes  references. 

Language:  English 

Descriptors:  Plants;  Carbon  dioxide;  Growth; 
Vegetation;  Models;  Evaluation  criteria 

344  NAL  Call  No:  GB746.W33 
Predictive  estimation  of  natural  groundwater  re¬ 
sources  in  the  near  future. 

Kovalevskii,  V.S.;  Maksimova,  N.G. 

New  York,  N.Y.  :  Consultants  Bureau;  1989  Jan. 
Water  resources  v.  15  (2):  p.  133-139.  maps;  1989 
Jan.  Translated  from  Vodnye  Resursy,  v.  15  (2), 
March-April,  1988,  p.  41-49.  (GB746.V55).  In¬ 
cludes  references. 

Language:  English;  Russian 

Descriptors:  U.S.S.R.in  europe;  Groundwater; 
Water  resources;  Prediction;  Estimation;  Climatic 
change;  Runoff  water;  Precipitation;  Air  tempera¬ 
ture;  Groundwater  recharge 

345  NAL  Call  No:  500  AM322A 
Preparing  for  climate  change. 

Tangley,  L. 

Washington,  D.C.  :  The  Institute;  1988. 
BioScience  -  American  Institute  of  Biological 
Sciences  v.  38  (1):  p.  14-18.  ill;  1988. 

Language:  English 

Descriptors:  Climatic  change;  Carbon  dioxide; 
Drought;  Adaptation;  Agriculture;  Forestry;  Fis¬ 
heries 
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346  NAL  Call  No:  QC981.8.C5N67  1987 
Preparing  for  climate  change  proceedings  of  the 
First  North  American  Conference  on  Preparing 
for  Climate  Change,  a  cooperative  approach  :  Oc¬ 
tober  27-29,  1987,  Washington,  D.C. 

Climate  Institute  (Washington,  D.C.) 

North  American  Conference  on  Preparing  for 
Climate  Change  1st  :  1987  :  Washington,  D.C. 
Rockville,  Md.  :  Government  Institutes;  1988. 
xiv,  516  p.  :  ill.  ;  28  cm.  "April  1988",  T.p.  verso. 
Includes  bibliographical  references. 

Language:  English 

Descriptors:  Climatic  changes;  Congresses; 
Climatic  changes;  North  America;  Congresses 

347  NAL  Call  No:  Q225.I7 
Preventing  climate  change. 

Schneider,  C. 

Washington,  D.C.  :  National  Academy  of  Sciences; 
1989. 

Issues  in  science  and  technology  v.  5  (4):  p.  55-62; 
1989.  Includes  references. 

Language:  English 

Descriptors:  Climatic  change;  Air  pollutants;  Car 
bon  dioxide;  Methane;  Deforestation;  Afforesta¬ 
tion;  Forest  influences 

348  NAL  Call  No:  QC981.8.C5R67 
A  primer  on  climatic  change  mechanisms  trends 
and  projections. 

Rosenberg,  Norman  J., 

Resources  for  the  Future,  Renewable  Resources 
Division 

Washington,  D.C.  :  Renewable  Resources  Divi¬ 
sion,  Resources  for  the  Future;  1986. 

67,  7  p.  ;  28  cm.  (Discussion  paper  series  (Re¬ 
sources  for  the  future.  Renewable  Resources  Di¬ 
vision)  ;  no.  RR86-04.).  "August  1986.  Includes 
bibliographical  references  (p.  57-66). 

Language:  English 

Descriptors:  Climatic  changes 

349  NAL  Call  No:  QC879.8.C372  1980 
Proceedings  of  the  Carbon  Dioxide  and  Climate 
Research  Program  Conference,  Washington,  DC, 
April  24-25,  1980. 

Schmitt,  Lois  E. 

United  States,  Dept,  of  Energy,  Office  of  Health 
and  Environmental  Research,  Oak  Ridge  Associ¬ 
ated  Universities,  Institute  for  Energy  Analysis 


Carbon  Dioxide  and  Climate  Research  Program 
Conference  1980  :  Washington,  D.C. 

Washington,  D.C.  :  U.S.  Dept,  of  Energy,  Assistant 
Secretary  for  Environment,  Office  of  Health  and 
Environmental  Research  ;  Springfield,  Va.  :  Avail¬ 
able  from  National  Technical  Information  Service; 
1980;  E  1.10-8004110. 

xviii,  287  p.  :  ill.  ;  28  cm.  (Carbon  Dioxide  Effects 
Research  and  Assessment  Program  ;  011).  Decem¬ 
ber  1980.  Contract  no.  DE-AC05-760R00033. 
CONF-8004110.  Includes  bibliographies. 

Language:  English 

Descriptors:  Atmospheric  carbon  dioxide,  Environ¬ 
mental  aspects,  Congresses;  Climatology,  Con¬ 
gresses 

350  NAL  Call  No:  QC879.8.I57  1979 
Proceedings  of  the  International  Meeting  on  Sta¬ 
ble  Isotopes  in  Tree-Ring  Research  New  Paltz, 
N.Y.,  May  22-25,  1979. 

Jacoby,  Gordon 

Lamont-Doherty  Geological  Observatory,  United 
States,  Dept,  of  Energy,  Office  of  the  Assistant 
Secretary  for  Environment,  United  States,  Dept,  of 
Energy,  Office  of  Health  and  Environmental  Re¬ 
search 

International  Meeting  on  Stable  Isotopes  in  Tree- 
Ring  Research  1979  :  New  Paltz,  N.Y. 
Washington,  D.C.  :  U.S.  Dept,  of  Energy,  Assistant 
Secretary  for  Environment,  Office  of  Health  and 
Environmental  Research  ;  Springfield,  Va.  :  Avail¬ 
able  from  National  Technical  Information  Service; 
1980;  E  1.10-790518. 

iii,  150  p.  :  ill.  ;  28  cm.  (Carbon  Dioxide  Effects 
Research  and  Assessment  Program  ;  012).  Decem¬ 
ber  1980.  CONF-7905180.  "CONF-790518",  Cover. 
Includes  bibliographies. 

Language:  English 

Descriptors:  Atmospheric  carbon  dioxide,  Environ¬ 
mental  aspects,  Congresses;  Climatology,  Con¬ 
gresses;  Isotopes 

351  NAL  Call  No:  QC981.8.C5S95  1987 
Proceedings  of  the  Symposium  on  Climate 
Change  in  the  Southern  United  States  future  im¬ 
pacts  and  present  policy  issues  :  May  28-29,  1987, 
New  Orleans,  Louisiana. 

Meo,  Mark 

University  of  Oklahoma,  Science  and  Public  Policy 
Program,  United  States,  Environmental  Protection 
Agency,  Office  of  Policy,  Planning,  and  Evaluation 
Symposium  on  Climate  Change  in  the  Southern 
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United  States  1987  :  New  Orleans,  La. 

S.l.  :  s.n.;  1987. 

vi,  608  p.  :  ill.  ;  28  cm.  November  1987.  "Adden¬ 
dum  to  list  of  attendees"  inserted.  "Conducted  by 
the  Science  and  Public  Policy  Program,  University 
of  Oklahoma;  sponsored  by  the  U.S.  Environmen¬ 
tal  Protection  Agency,  Office  of  Policy,  Planning, 
and  Evaluation.",  Cover.  Includes  bibliographical 
references. 

Language:  English 

Descriptors :  Climatic  changes;  Southern  States; 
Congresses;  Environmenal  policy;  Southern  States; 
Congresses 

352  NAL  Call  No:  QC879.8.P76 
Projecting  the  climatic  effects  of  increasing  car¬ 
bon  dioxide. 

MacCracken,  Michael  C.;  Luther,  F.  M. 

Linked  States,  Dept,  of  Energy,  Office  of  Basic  En¬ 
ergy  Sciences,  Carbon  Dioxide  Research  Division 
Washington,  D.C.  :  U.S.  Dept,  of  Energy,  Office 
of  Energy  Research,  Office  of  Basic  Energy 
Sciences,  Carbon  Dioxide  Research  Division;  1985. 
xxv,  381  p.  :  ill. ;  28  cm.  DOE/ER-0237.  December 
1985.  Dist.  Category  UC-11.  Includes 
bibliographies  and  indexes. 

Language:  English 

Descriptors :  Atmospheric  carbon  dioxide;  Mathe¬ 
matical  models;  Climatic  changes;  Mathematical 
models 

353  NAL  Call  No:  QC879.8.M37 
The  prospect  of  solving  the  C()2  problem  through 
global  reforestation. 

Marland,  Gregg 

United  States,  Dept,  of  Energy,  Office  of  Basic  En¬ 
ergy  Sciences,  Carbon  Dioxide  Research  Division 
Washington,  D.C.  :  U.S.  Dept,  of  Energy  ; 
Springfield.  Va.  :  Available  from  the  National 
Technical  Information  Service,  U.S.  Dept,  of  Com¬ 
merce;  1988. 

ix,  66  p.  :  ill.  ;  28  cm.  "Prepared  for  United  States 
Department  of  Energy,  Office  of  Energy  Research, 
Office  of  Basic  Energy  Sciences,  Carbon  Dioxide 
Research  Division  under  Contract  No.  DE-AC05- 
760R00033,  DE-AC05-840R21400",  Cover. 
February  1988.  TR039.  Under  contract  no.  DE- 
AC05-760R00033,  DE-AC05-OR21400.  Bibliogra¬ 
phy:  p.  60-66. 

Language:  English 

Descriptors:  Atmospheric  carbon  dioxide; 


Reforestation 

354  NAL  Call  No:  QC981.8.C5P7 
Prospects  for  future  climate  a  special  US/USSR 
report  on  climate  and  climate  change. 

MacCracken,  Michael  C. 

Chelsea,  Mich.  :  Lewis  Publishers;  1990. 
xiii,  270  p.  :  ill.  ;  24  cm.  Prepared  under  the  aus¬ 
pices  of  the  US/USSR  agreement  on  protection  of 
the  environment.  Includes  bibliographical  refer¬ 
ences  (p.  235-267). 

Language:  English 

Descriptors:  Climatic  changes;  Climatology 

355  NAL  Call  No:  TD885.5.085C52 
Protecting  the  ozone  layer  what  you  can  do  :  a 
citizens’  guide  to  reducing  the  use  of  ozone  deplet¬ 
ing  chemicals. 

Clark,  Sarah  L. 

Environmental  Information  Exchange 
New  York,  NY  (257  Park  Avenue  South,  New 
York,  NY  10010)  :  Environmental  Information  Ex¬ 
change,  Environmental  Defense  Fund;  1988. 

33  p.  :  ill.  ;  21  cm.  Bibliography:  p.  30-31. 

Language:  English 

Descriptors:  Ozone  layer  depletion;  Atmospheric 
ozone;  Reduction;  Environmental  protection; 
United  States;  Citizen  participation 

356  NAL  Call  No:  QK477J.A6I5  1986 
Radiodensitometric  tree-ring  analysis  along  al¬ 
titudinal  gradients:  some  alternative  procedures 
for  detecting  site,  climatic,  and  potential  C02  ef¬ 
fects  on  tree  growth. 

Kienast,  F. 

Washington,  DC  :  U.S.  Department  of  Energy,  Of¬ 
fice  of  Energy  Research;  1987  Apr. 

Proceedings  of  the  International  Symposium  on 
Ecological  Aspects  of  Tree-Ring  Analysis  /  com¬ 
piled  by  G.C.  Jacoby,  J.W.  Hornbeck.  p.  452-462; 
1987  Apr.  Includes  references. 

Language:  English 

Descriptors:  Switzerland;  Colorado;  Cyprus;  Con- 
iferae;  Forest  trees;  Growth  rings;  Growth;  Envi¬ 
ronmental  factors;  Site  factors;  Carbon  dioxide; 
Altitudinal  zonation 

357  NAL  Call  No:  QC981.8.C5U5 
Recommendations  from  an  interdisciplinary 
forum  on  data  management  for  global  change, 
Baltimore,  Maryland,  November  2-4,  1988.  (Data 
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management  for  global  change.) 

Unninayar,  Sushil;  Ruttenberg,  Stan 
United  States,  Interagency  Working  Group  on 
Data  Management  for  Global  Change,  University 
Corporation  for  Atmospheric  Research,  Office  for 
Interdisciplinary  Earth  Studies 
Boulder,  CO  :  Office  for  Interdisciplinary  Earth 
Studies,  University  Corporation  for  Atmospheric 
Research;  1990. 

[vii],  75  p.  :  ill.  ;  78  cm.  (Report  OIES  ;  5).  Spon¬ 
sored  by  the  Interagency  Working  Group  on  Data 
Management  for  Global  Change  of  the  Commit¬ 
tee  on  Earth  Sciences.  March  1990. 

Language:  English 

Descriptors :  Climatic  changes 

358  NAL  Call  No:  472  N21 

Reconstruction  of  tree-line  vegetation  response  to 
long-term  climate  change. 

Payette,  S.;  Filion,  L.;  Delwaide,  A.;  Begin,  C. 
London  :  Macmillan  Magazines  Ltd;  1989  Oct. 
Nature  v.  (341)  (6241):  p.  429-432;  1989  Oct.  In¬ 
cludes  references. 

Language:  English 

Descriptors:  Canada;  Picea  mariana;  Betula  glan- 
dulosa;  Climatic  change;  Carbon  dioxide;  High  al¬ 
titude 

Abstract:  Knowledge  of  the  vegetation  response  to 
climate  change  is  necessary  to  assess  and  predict 
realistic  ecosystem  development  in  the  antipicated, 
C02-induced  warmer  world,  particularly  at  high 
latitudes  where  greater  warming  is  expected. 
Reconstruction  of  vegetation  development  over  the 
past  1,000  years  may  be  helpful  in  this  respect,  be¬ 
cause  this  period  was  characterized  by  contrasting 
climatic  conditions.  Here  we  report  the  reconstruc¬ 
tion  of  wind-exposed,  tree-line  vegetation  associ¬ 
ated  with  long-term  climate  change  in  northern 
Canada,  using  tree-ring  and  growth-form  analyses 
of  spruce  subfossils.  Three  major  types  of  growth 
form  within  the  exposed,  but  stable,  lichen-spruce 
community  successively  predominated  in  response 
to  climate  forcing:  high  krummholz  (dwarf  spruce, 
less  than  2-m  high)  with  scarce  small  (greater  than 
2-m  high)  trees  (AD  1305-1435,  cool  period),  trees 
(greater  than  2-3  m  high)  and  high  krummholz 
(AD  1435-1570,  warm  period)  and  low  krummholz 
(less  than  or  about  50  cm)  (little  ice  age  to  present: 
AD  1570  onwards,  cold  period  and  present  climate, 
respectively).  Whereas  the  expansion  of  a  marginal 
lichen-spruce  woodland  climaxed  during  the  late 


Middle  Ages  (AD  1435-1570),  present  develop¬ 
ment  of  a  low-krummholz  vegetation  at  these  sites 
seems  to  be  out  of  phase  with  the  twentieth  century 
warming.  This  suggests  that  ecosystem  recovery  to 
global  warming  is  not  straightforward,  depending 
on  the  nature  of  vegetation  structure  present  at  the 
time  climate  change  occurred.  The  implications  of 
such  ecosystem  resilience  for  the  detection  and 
monitoring  of  the  expected  C02-induced  warming 
is  discussed,  particularly  for  the  climate-sensitive 
arctic  and  subarctic  regions. 

359  NAL  Call  No:  GB611.D47 
Reflections  on  desertification  1977-1987:  problems 
and  prospects. 

Rapp,  A. 

Nairobi,  Kenya  :  United  Nations  Environment 
Programme;  1987. 

Desertification  control  bulletin  (15):  p.  27-33. 
maps;  1987.  Includes  references. 

Language:  English 

Descriptors:  Africa;  Desertification;  Climatology, 
Land  use;  Climatic  change;  Dry  farming;  Arid 
zones;  International  cooperation 

360  NAL  Call  No:  500  AM322A 
Regional  analysis  of  the  central  Great  Plains. 

Burke,  I.C.;  Kittel,  T.G.F.;  Lauenroth,  W.K.; 
Snook,  P.;  Yonker,  C.M.;  Parton,  W.J. 
Washington,  D.C.  :  The  Institute;  1991  Nov. 
BioScience  -  American  Institute  of  Biological 
Sciences  v.  41  (10):  p.  685-692;  1991  Nov.  Includes 
references. 

Language:  English 

Descriptors:  U.S.A.;  Land  management;  Plains; 
Biomass  production;  Carbon  cycle;  Climatic 
change;  Ecosystems;  Environmental  factors; 
Simulation  models;  Site  factors 

361  NAL  Call  No:  QC981.8.C5G76 
Regional  intercomparisons  of  general  circulation 
model  predictions  and  historical  climate  data. 

Grotch,  Stanley  L. 

United  States,  Dept,  of  Energy,  Office  of  Basic  En¬ 
ergy  Sciences,  Carbon  Dioxide  Research  Division 
Washington,  DC  :  U.S.  Dept,  of  Energy  ; 
Springfield,  Va.  :  available  from  N.T.I.S.;  1988. 
xviii,  291  p.  :  ill.  ;  28  cm.  (DOE/NBB  ;  0084). 
TR041.  April  1988.  Prepared  under  contract  no. 
W-7405-ENG-48.  Bibliography:  p.  257-258. 

Language:  English 


57 


Quick  Bibliography  Series 


Descriptors:  Atmospheric  carbon  dioxide;  Environ¬ 
mental  aspects;  Climatic  changes;  Mathematical 
models;  Atmospheric  circulation;  Mathematical 
models;  Precipitation  (Meteorology);  Air;  Thermal 
properties 

362  NAL  Call  No:  472  N21 
Relationship  between  atmospheric  C02  variations 
and  a  satellite-derived  vegetation  index. 

Tucker,  C.J.;  Fung,  I.Y.;  Keeling,  C.D.;  Gammon, 
R.H. 

Neptune,  N.J.  :  Macmillan  Journals;  1986  Janl6. 
Nature  v.  319  (6050):  p.  195-199.  ill;  1986  Janl6. 
Includes  37  references. 

Language:  English 

Descriptors:  Carbon  dioxide;  Atmosphere;  Vegeta¬ 
tion;  Remote  sensing;  Satellites;  Bioclimatic  in¬ 
dexes 

363  NAL  Call  No:  99.8  F762 
Releaf  for  global  warming. 

Sampson,  R.N. 

Washington,  D.C.  :  American  Forestry  Associa¬ 
tion;  1988  Nov. 

American  forests  v.  94  (11/12):  p.  9-14.  ill;  1988 
Nov. 

Language:  English 

Descriptors:  Afforestation;  Organizations;  Environ¬ 
mental  degradation;  Pollution;  Climatic  factors; 
Deforestation;  Development  projects 

364  NAL  Call  No:  QC981.8.C5I58  1985 
Report  of  the  International  Conference  on  the  As¬ 
sessment  of  the  Role  of  Carbon  Dioxide  and  of 
Other  Greenhouse  Gases  in  Climate  Variations 
and  Associated  Impacts,  Villach,  Austria,  9-15  Oc¬ 
tober  1985. 

World  Climate  Programme,  International  Council 
of  Scientific  Unions,  United  Nations  Environment 
Programme,  World  Meteorological  Organization 
International  Conference  on  the  Assessment  of  the 
Role  of  Carbon  Dioxide  and  of  Other  Greenhouse 
Gases  in  Climate  Variations  and  Associated  Im¬ 
pacts  1985  :  Villach,  Austria. 

Paris  :  International  Council  of  Scientific  Unions; 
1986. 

78  p. :  ill.  ;  30  cm.  (WMO  (Series)  ;  661.).  At  head 
of  title:  World  Climate  Programme.  Sponsored  by 
the  International  Council  of  Scientific  Unions,  the 
United  Nations  Environment  Programme,  and  the 
World  Meteorological  Organization.  Includes 
bibliographical  references. 


Language:  English 

Descriptors:  Climatic  changes;  Congresses;  Envi¬ 
ronmental  impact  analysis;  Congresses;  Atmos¬ 
pheric  carbon  dioxide;  Environmental  aspects; 
Congresses;  Greenhouse  gases;  Congresses; 
Greenhouse  effect,  Atmospheric;  Congresses 

365  NAL  Call  No:  290.9  AM32T 
Response  of  crop  yield  to  predicted  changes  in 
climate  and  atmospheric  C02  using  simulation. 

Curry,  R.B.;  Peart,  R.M.;  Jones,  J.W.;  Boote,  KJ.; 
Allen,  L.H.  Jr 

St.  Joseph,  Mich.  :  American  Society  of  Agricul¬ 
tural  Engineers;  1990  Jul. 

Transactions  of  the  ASAE  v.  33  (4):  p.  1383-1390; 
1990  Jul.  Includes  references. 

Language:  English 

Descriptors:  Southeastern  states  of  U.S.A.;  Glycine 
max;  Crop  yield;  Climatic  change;  Atmosphere; 
Carbon  dioxide;  Simulation  models;  Irrigation 

Abstract:  Soybean  growth  and  yield  for  19  locations 
in  southeastern  U.SA.  were  simulated  for  30  years 
(1951-80)  of  climate  data.  Three  different  climate 
change  scenarios,  with  and  without  supplemental 
irrigation,  were  used  with  the  SOYGRO  crop 
model.  The  three  climate  scenarios  were  standard 
historic  data  and  two  scenarios  based  on  changes 
predicted  by  two  general  circulation  models 
(GCM)  for  a  doubling  of  atmospheric  carbon 
dioxide.  Results  were  analyzed  for  four  different 
conditions;  normal  weather,  doubled  C02  alone, 
climate  change  alone,  and  the  combined  effect  of 
climate  change  and  doubled  C02.  Results  indicate 
1)  yields  vary  widely  with  climate  scenario;  2)  in¬ 
creased  water  use  and  irrigation  need  for  the  com¬ 
bined  case  of  doubled  C02  and  climate  change; 
and  3)  simulation  is  a  useful  tool  for  this  type  of 
study. 

366  NAL  Call  No:  472  N21 
Response  of  northern  forests  to  C02-induced 
climate  change. 

Pastor,  J.;  Post,  W.M. 

London  :  Macmillan  Magazines  Ltd;  1988  Jul07. 
Nature  334  (6177):  p.  55-58;  1988  Jul07.  Includes 
references. 

Language:  English 

Descriptors:  North  America;  Forest  influences; 
Forest  trees;  Growth;  Inhibition;  Yield  losses; 
Plant  density.  Forest  ecology.  Climatic  change; 
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Carbon  dioxide 

367  NAL  Call  No:  QH543.P76 
Response  of  the  North  American  corn  belt  to 
climatic  warming. 

Biasing,  T.J.;  Solomon,  A.M. 

Lisse  :  Swets  &  Zeitlinger;  1984. 

Progress  in  biometeorology  v.  3:  p.  311-321.  maps; 
1984.  Paper  presented  at  the  "Symposium  on  in¬ 
teractions  between  Climate  and  Biosphere,”  March 
21-23,  1983,  Osnabruck,  West  Germany.  Includes 
references. 

Language:  English 

Descriptors :  North  America;  Agricultural  regions; 
Zea  mays;  Climate;  Temperature;  Atmosphere; 
Carbon  dioxide;  Crop  production 

368  NAL  Call  No:  QC981.8.C5R47 
Response  of  the  North  American  corn  belt  to 
climatic  warming, C02. 

United  States,  Dept,  of  Energy,  Office  of  Energy 
Research,  United  States,  Dept,  of  Energy,  Office 
of  Basic  Energy  Sciences,  Carbon  Dioxide  Re¬ 
search  Division 

Washington,  D.C.  :  prepared  for  U.S.  Dept,  of  En¬ 
ergy,  Office  of  Energy  Research,  Office  of  Basic 
Energy  Sciences,  Carbon  Dioxide  Research  Divi¬ 
sion  ;  Springfield,  Va.  :  available  from  NTIS;  1983. 
ii,  27  p.  :  ill.,  maps  ;  28  cm.  Cover  title.  August 
1983.  DOE/NBB-0040.  TR006.  Bibliography:  p. 
25-27. 

Language:  English 

Descriptors :  Atmospheric  carbon  dioxide;  Climatic 
changes;  Corn 

369  NAL  Call  No:  SD387.E58R4 
Response  of  unmanaged  forests  to  C02-induced 
climate  change  available  information,  initial  tests, 
and  data  requirements. 

Solomon,  Allen  M. 

United  States,  Dept,  of  Energy,  Office  of  Basic  En¬ 
ergy  Sciences,  Carbon  Dioxide  Research  Division 
Washington,  D.C.  :  The  Division  ;  Springfield,  Va. 
:  Available  from  NTIS;  1984. 
xiii,  93  p.  :  ill.,  maps  ;  28  cm.  April  1984.  Contract 
no.  W-7405-ENG-26.  TR009.  DOE/NBB-0053. 
Dist.  Category  UC-11.  Bibliography:  p.  77-93. 

Language:  English 

Descriptors'.  Forests  and  forestry,  Environmental 
aspects,  North  America;  Forest  microclimatology, 
North  America;  Carbon  dioxide 


370  NAL  Call  No:  QH540.F85 
Response  to  C02  enrichment  in  27  herbaceous 
species. 

Hunt,  R.;  Hand,  D.W.;  Hannah,  MA.;  Neal,  A.M. 
Oxford,  U.K.  :  British  Ecological  Society;  1991. 
Functional  ecology  v.  5  (3):  p.  410-421;  1991.  In¬ 
cludes  references. 

Language:  English 

Descriptors:  Plants;  Helianthus  annuus;  Zea  mays; 
Carbon  dioxide  enrichment;  Biomass  production; 
Dry  matter  accumulation;  Adaptability;  Climatic 
change;  Plant  ecology;  Plant  competition;  Compet¬ 
itive  ability;  Equations 

371  NAL  Call  No:  410  EC7 
The  responses  of  a  forest  model  to  serial  correla¬ 
tions  of  global  warming. 

Cohen,  Y.;  Pastor,  J. 

Tempe,  Ariz.  :  The  Society;  1991  Jun. 

Ecology  :  a  publication  of  the  Ecological  Society 
of  America  v.  72  (3):  p.  1161-1165;  1991  Jun.  In¬ 
cludes  references. 

Language:  English 

Descriptors :  Forest  ecology;  Forest  trees;  Air  tem¬ 
perature;  Carbon  dioxide;  Climatic  change; 
Ecosystems;  Nitrogen;  Nutrient  availability; 
Simulation  models 

372  NAL  Call  No:  Q225.I7 
Rethinking  the  economics  of  global  warming. 

Miller,  A.;  Mintzer,  I.;  Brown,  P.G. 

Washington,  D.C.  :  National  Academy  of  Sciences; 
1990. 

Issues  in  science  and  technology  v.  7  (1):  p.  70-73; 
1990.  Includes  references. 

Language:  English 

Descriptors:  Climatic  change;  Economics 

373  NAL  Call  No:  S600.7.E93N3  1985 
Rising  atmospheric  C02  evapotranspiration. 

Allen,  L.H.  Jr;  Jones,  P.;  Jones,  J.W. 

St.  Joseph,  Mich.  :  American  Society  of  Agricul¬ 
tural  Engineers;  1985. 

Advances  in  Evapotranspiration  :  proceedings  of 
the  National  Conference  on  Advances  in 
Evapotranspiration,  December  16-17,  1985,  Hyatt 
Regency  Chicago,  Chicago,  Illinois,  p.  13-25;  1985. 
(ASAE  publication  ;  14-85).  Literature  review.  In¬ 
cludes  41  references. 
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Language:  English 

Descriptors :  Evapotranspiration;  Carbon  dioxide; 
Atmosphere;  Photosynthesis;  Leaves;  Transpira¬ 
tion;  Water  use  efficiency;  Mathematical  models 

374  NAL  Call  No:  SD390.7.G73G74 
Rising  carbon  dioxide,  climate  change,  and  forest 
management:  an  overview. 

Sandenburgh,  R.;  Taylor,  C.;  Hoffman,  J.S. 
Washington,  D.C.  :  Conservation  Foundation; 

1987. 

The  Greenhouse  effect,  climate  change,  and  U.S. 
forests  /  edited  by  William  E.  Shands  and  John  S. 
Hoffman,  p.  113-121;  1987.  Includes  references. 

Language:  English 

Descriptors:  Forest  trees;  Photosynthesis;  Produc¬ 
tivity,  Climatic  change;  Carbon  dioxide;  Growth 
rate;  Thermal  radiation;  Forest  management 

375  NAL  Call  No:  QK710.P55 
Rising  C02  levels  and  their  potential  significance 
for  carbon  flow  in  photosynthetic  cells. 

Stitt,  M. 

Oxford  :  Blackwell  Scientific  Publications;  1991 
Oct. 

Plant,  cell  and  environment  v.  14  (8):  p.  741-762; 
1991  Oct.  Literature  review.  Includes  references. 

Language:  English 

Descriptors:  Plants;  Carbon  dioxide  enrichment; 
Photosynthesis;  Ribulose-bis  ph  osphate  car¬ 
boxylase;  Enzyme  activity;  Sucrose;  Carbohydrate 
metabolism;  Acclimatization;  Source  sink  rela¬ 
tions;  Literature  reviews 

376  NAL  Call  No:  S541.5.A4M57 
The  rising  level  of  atmospheric  carbon  dioxide:  an 
agricultural  perspective. 

Wittwer,  S. 

Fairbanks,  Alaska  :  The  Station;  1984  Mar. 
Miscellaneous  publication  -  University  of  Alaska, 
Agricultural  and  Forestry  Experiment  Station  (83- 
1):  p.  163-169.  ill;  1984  Mar.  Includes  references. 

Language:  English 

Descriptors :  Carbon  dioxide;  Climatic  change; 
Agroclimatology;  Photosynthesis;  Plant  competi¬ 
tion 

377  NAL  Call  No:  QC981.8.G56E34 
The  rising  tide  global  warming  and  world  sea 
levels. 


Edgerton,  Lynne  T. 

Washington,  D.C.  :  Island  Press;  1991. 

xviii,  140  p.  :  ill.  ;  24  cm.  Includes  bibliographical 

references  (p.  122-128)  and  index. 

Language:  English 

Descriptors:  Global  warming;  Climatic  changes; 
Sea  level;  Science  and  state;  Science  and  state 

378  NAL  Call  No:  SD13.C35 
The  role  of  climate  on  present  and  past  vitality  of 
silver  fir  forests  in  the  Vosges  mountains  of  north¬ 
eastern  France. 

Becker,  M. 

Ottawa,  Ont.  :  National  Research  Council  of 
Canada;  1989  Sep. 

Canadian  journal  of  forest  research;  Journal 
canadien  de  recherche  forestiere  v.  19  (9):  p.  1110- 
1117;  1989  Sep.  Includes  references. 

Language:  English 

Descriptors:  France;  Abies  alba;  Dendroclimatol- 
ogy;  Growth  rings;  Climatic  factors;  Carbon 
dioxide;  Air  pollution 

379  NAL  Call  No:  450  AN7 
The  role  of  ozone  in  global  change. 

Ashmore,  M.R.;  Bell,  J.N.B. 

London  :  Academic  Press;  1991  Jun. 

Annals  of  botany  v.  67  (suppl.l):  p.  39-48;  1991  Jun. 
Literature  review.  Includes  references. 

Language:  English 

Descriptors:  Climatic  change;  Air  pollution;  Ozone; 
Forest  trees;  Crops;  Phytotoxicity;  Literature 
reviews 

Abstract:  Over  recent  years  convincing  evidence 
has  emerged  of  both  a  decrease  in  stratospheric 
ozone  concentrations  and  an  increase  in  tropos¬ 
pheric  ozone  concentration  These  trends  can  be 
attributed  primarily  to  increased  global  emissions 
of  chlorofluorocarbons  and  of  nitrogen  oxides, 
respectively.  Ozone  plays  an  important  role  in  the 
earth’s  atmosphere  and  changes  in  its  concentra¬ 
tion  are  of  concern  for  several  reasons:  increased 
penetration  of  ultraviolet  (UV)  radiation,  a  contri¬ 
bution  to  global  warming,  perturbations  in  atmos¬ 
pheric  chemistry,  and  direct  toxic  effects  on  the 
terrestrial  biosphere.  Concern  over  the  direct  toxic 
effects  arises  both  from  the  expansion  of  the  global 
area  affected  by  regional  episodes  of  elevated 
ozone  concentrations,  and  an  increased  concentra¬ 
tion  in  the  background  troposphere.  Tropospheric 
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ozone  concentrations  will  continue  to  rise,  in  the 
absence  of  effective  emission  control  measures, 
because  of  increased  energy  consumption  and 
motor  vehicle  use,  and  any  increase  in  concentra¬ 
tions  will  have  detrimental  effects  on  sensitive  ter¬ 
restrial  ecosystems.  Ozone  should  be  considered 
as  a  component  of  global  change,  and  priority  be 
given  to  understanding  its  interaction  with  other, 
more  important,  factors  such  as  C02  concentra¬ 
tion,  water  availability  and  temperature.  Other  im¬ 
portant  interactions  may  arise  from  the  fact  that 
ozone  alters  the  performance  of  herbivorous  in¬ 
sect  pests  and  of  plant  pathogens,  which  will 
themselves  be  influenced  by  climate  change. 

380  NAL  Call  No:  QC879.8.R642  1979 
The  Role  of  temperate  zone  forests  in  the  world 
carbon  cycle  problem  definition  and  research 
needs. 

Armentano,  T.  V.;  Hett,  J. 

United  States,  Dept,  of  Energy,  Office  of  Health 
and  Environmental  Research,  Institute  of  Ecology 
Indianapolis,  Ind.  :  Institute  of  Ecology  (TIE); 
1979. 

ii,  69  leaves  :  ill.,  maps  ;  28  cm.  "Prepared  for  Dept, 
of  Energy,  Office  of  Environment,  Office  of  Health 
and  Environmental  Research,  Carbon  Dioxide  and 
Climate  Research  Program",  cover.  Work  sup¬ 
ported  by  U.S.  Department  of  Energy,  Office  of 
Environment,  under  contract  no.  79EV  10040.000. 
Photocopy.  "Report  of  a  workshop,  Indianapolis, 
Indiana,  March  21-22,  1979",  cover.  "DOE/ET- 
10040-1",  cover.  "N80-23883",  cover.  Bibliography: 
p.  39-43. 

Language:  English 

Descriptors:  Atmospheric  carbon  dioxide;  Forest 
influences 

381  NAL  Call  No:  QC988.A66G4 
Role  of  the  tropics  in  atmospheric  chemistry. 
Crutzen,  P.J. 

New  York  :  John  Wiley  for  the  United  Nations 
University;  1987. 

The  Geophysiology  of  Amazonia  :  vegetation  and 
climate  interactions  /  Robert  E.  Dickinson,  editor, 
p.  107-130;  1987.  Literature  review.  Includes  refer¬ 
ences. 

Language:  English 

Descriptors:  Biomass;  Ecosystems;  Flora;  Forest  in¬ 
fluences;  Tropical  forests;  Vegetation;  Atmos¬ 
pheric  sciences;  Gases;  Carbon  dioxide;  Carbon 
monoxide;  Hydrogen;  Methane 


382  NAL  Call  No:  QC981.8.G56S32 
Scientific  perspectives  on  the  greenhouse  prob¬ 
lem. 

George  C  Marshall  Institute 

Washington,  D.C.  George  C  Marshall  Institute; 

1989. 

i,  37  p.  :  ill.  ;  24  cm.  The  George  C  Marshall  In¬ 
stitute  provides  technical  assessments  of  scientific 
developments  with  a  major  public  policy  impact. 

Language:  English 

Descriptors:  Greenhouse  effect;  Global  warming; 
Climatic  changes 

383  NAL  Call  No:  QC981.8.G56S3 
Scientific  perspectives  on  the  greenhouse  problem 
executive  summary. 

George  C  Marshall  Institute 

Washington,  D.C.  George  C  Marshall  Institute; 

1989. 

13  p.  :  ill.  ;  24  cm.  Extract  from  the  full  report... 
The  George  C  Marshall  Institute  provides  techni¬ 
cal  assessments  of  scientific  developments  with  a 
major  public  policy  impact. 

Language:  English 

Descriptors:  Greenhouse  effect;  Global  warming; 
Climatic  changes 

384  NAL  Call  No:  RA565.S365 
Scientific  uncertainty  and  decision  making:  the 
case  of  greenhouse  gases  and  global  climate 
change. 

Laurmann,  J.A. 

Amsterdam,  Netherlands  :  Elsevier  Science  Pub¬ 
lishers  B.V.;  1986  NovOl. 

The  science  of  the  total  environment  v.  55:  p.  177- 
186;  1986  NovOl.  Includes  references. 

Language:  English 

Descriptors:  Greenhouses;  Gases;  Carbon  dioxide; 
Climate 

385  NAL  Call  No:  99.8  F768 
Scientists  studying  "the  greenhouse  effect"  chal¬ 
lenge  fears  of  global  warming. 

Wheeler,  D.L. 

Bethesda,  Md.  :  Society  of  American  Foresters; 
1990  Jul. 

Journal  of  forestry  v.  88  (7):  p.  34-36;  1990  Jul. 
Includes  references. 

Language:  English 
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Descriptors'.  Climatic  change;  Temperatures; 
Human  activity;  Carbon  dioxide;  Computer  appli¬ 
cations 

386  NAL  Call  No:  S541.5.A4M57 
Sea  ice,  carbon  dioxide,  and  climate. 

Weller,  G. 

Fairbanks,  Alaska  :  The  Station;  1984  Mar. 
Miscellaneous  publication  -  University  of  Alaska, 
Agricultural  and  Forestry  Experiment  Station  (83- 
1):  p.  199-208.  ill.,  maps;  1984  Mar.  Literature 
review.  Includes  references. 

Language:  English 

Descriptors'.  Antarctica;  Carbon  dioxide;  Oceanog¬ 
raphy;  Climatic  change;  Icebergs;  Temperature  re¬ 
lations 

387  NAL  Call  No:  470  SI2 
A  second  look  at  the  impacts  of  climate  change. 
Ausubel,  J.H. 

Research  Triangle  Park,  N.C.  :  Sigma  Xi,  The  Sci¬ 
entific  Research  Society;  1991  May. 

American  scientist  v.  79  (3):  p.  210-221;  1991  May. 
Includes  references. 

Language:  English 

Descriptors:  Agriculture;  Ecology;  Climatic  change 

388  NAL  Call  No:  QC981.8.C5S96  1991 
Second  Symposium  on  Global  Change  Studies, 
Jan.  14-18,  1991,  New  Orleans,  La. 

American  Meteorological  Society 

Symposium  on  Global  Change  Studies  2nd  :  1991 

:  New  Orleans,  La. 

Boston,  MA  :  American  Meteorological  Society; 
1991. 

ix,  136,  [39]  p.  :  ill.  ;  28  cm.  Includes  bibliographical 
references  and  index. 

Language:  English 

Descriptors:  Climatic  changes 

389  NAL  Call  No:  QH540.E55 
Sensitivity  of  the  arctic  climate:  a  factor  in  devel¬ 
oping  planning  strategies  for  our  Arctic  Heritage. 

LeDrew,  E.F. 

Geneva  :  Elsevier  Sequoia  S.A.;  1986. 
Environmental  conservation  v.  13  (3):  p.  215-228. 
ill.,  maps;  1986.  Includes  references. 

Language:  English 

Descriptors:  Arctic  regions;  Climate;  Climatic 
change;  Development;  Planning;  Conservation; 


Ecology 

39(1  NAL  Call  No:  SD143.S64 

Siege  of  1987:  100-year  occurrence  or  harbinger  of 
tomorrow. 

Blonski,  K.S. 

Bethesda,  Md.  :  The  Society;  1989. 

Proceedings  of  the  ...  Society  of  American 
Foresters  National  Convention,  p.  80-82;  1989. 
Meeting  held  Oct  16-19,  1988,  Rochester,  New 
York. 

Language:  English 

Descriptors:  California;  Forest  fires;  Wildfires;  Fire 
control;  Planning;  Population  pressure;  Climatic 

change 

391  NAL  Call  No:  QH543.P76 
The  significance  of  biospheric  carbon  pools  and 
fluxes  for  the  atmospheric  C02:  a  proposed  model 
structure. 

Esser,  G. 

Lisse  :  Swets  &  Zeitlinger;  1984. 

Progress  in  biometeorology  v.  3:  p.  253-294.  maps; 
1984.  Paper  presented  at  the  "Symposium  on  In¬ 
teractions  between  Climate  and  Biosphere,"  March 
21-23,  1983,  Osnabruck,  West  Germany.  Includes 
statistical  data.  Includes  references. 

Language:  English 

Descriptors:  Atmosphere;  Carbon  dioxide;  Biota; 
Vegetation;  Source  sink  relations;  Models 

392  NAL  Call  No:  GB395A73 
The  significance  of  the  date  of  snow  disap¬ 
pearance  on  the  arctic  tundra  as  a  possible  in¬ 
dicator  of  climate  change. 

Foster,  J.L. 

Boulder,  Colo.  :  Institute  of  Arctic  and  Alpine  Re¬ 
search,  University  of  Colorado;  1989  Feb. 

Arctic  and  alpine  research  v.  21  (1):  p.  60-70.  maps; 
1989  Feb.  Includes  references. 

Language:  English 

Descriptors:  Alaska;  U.S.S.R.;  Canada;  Scan¬ 
dinavia;  Snow  cover;  Winter;  Duration;  Arctic 
tundra;  Climatic  change;  Albedo;  Air  pollution; 
Polar  climate;  Trends 

393  NAL  Call  No:  QC981.S55 
Simulating  ciimate  with  two  different  numerical 
schemes. 

Gutowski,  William  .1. 

Carbon  Dioxide  Research  Program  (U.S.) 
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Washington,  D.C.  :  The  Department  ;  Springfield, 
Va.  :  Available  from  National  Technical  Informa¬ 
tion  Service;  1990. 

vii,  57  p.  :  ill.  ;  28  cm.  "C02",  Cover.  June  1990. 
TR049.  DOE/ER-0459T.  Contract  no.  DE- 
FG02-86ER60422.  Includes  bibliographical  refer¬ 
ences  (p.  55-57). 

Language:  English 

Descriptors :  Climatology;  Climatic  changes;  At¬ 
mospheric  circulation 

394  NAL  Call  No:  SD390.7.G73G74 
Simulating  forest  ecosystem  responses  to  expected 
climate  change  in  eastern  climate  change  in  east¬ 
ern  North  America:  applications  to  decision 
making  in  the  forest  industry. 

Solomon,  A.M.;  West,  D.C. 

Washington,  D.C.  :  Conservation  Foundation; 

1987. 

The  Greenhouse  effect,  climate  change,  and  U.S. 
forests  /  edited  by  William  E.  Shands  and  John  S. 
Hoffman,  p.  189-217;  1987.  Literature  review.  In¬ 
cludes  references. 

Language:  English 

Descriptors'.  Ontario;  Michigan;  North  eastern 
states  of  U.S.A.;  South  eastern  states  of  U.S.A.; 
Forest  trees;  Forest  ecology;  Growth  rate;  Climatic 
change;  Carbon  dioxide;  Simulation;  Models;  De¬ 
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Simulation  as  a  tool  for  analyzing  crop  response 
to  climate  change. 

Curry,  R.B.;  Jones,  J.W.;  Boote,  K.J.;  Allen,  L.H. 
Jr 

St.  Joseph,  Mich.  :  The  Society;  1988. 

American  Society  of  Agricultural  Engineers  (Mi¬ 
crofiche  collection)  (fiche  no.  88-7512):  30  p.  maps; 

1988.  Paper  presented  at  the  1988  Winter  Meeting 
of  the  American  Society  of  Agricultural  Engineers. 
Available  for  purchase  from:  The  American  Soci¬ 
ety  of  Agricultural  Engineers,  Order  Dept.,  2950 
Niles  Road,  St.  Joseph,  Michigan  49085.  Tele¬ 
phone  the  Order  Dept,  at  (616)  429-0300  for  in¬ 
formation  and  prices.  Includes  references. 

Language:  English 

Descriptors:  Zea  mays;  Glycine  max;  Weather  data; 
Atmosphere;  Carbon  dioxide;  Yield  response  func¬ 
tions;  Simulation  models 
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Simulation  as  a  tool  for  analyzing  crop  response 
to  climate  change. 

Curry,  R.B.;  Peart,  R.M.;  Jones,  J.W.;  Boote,  K.J.; 
Allen,  L.H.  Jr 

St.  Joseph,  Mich.  :  American  Society  of  Agricul¬ 
tural  Engineers;  1990  May. 

Transactions  of  the  ASAE  v.  33  (3):  p.  981-990. 
maps;  1990  May.  Includes  references. 
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Simulation  of  the  regional  climatic  impact  of 
Amazon  deforestation. 
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London  :  Macmillan  Magazines  Ltd;  1989  Nov23. 
Nature  v.  342  (6248):  p.  411-413.  maps;  1989 
Nov23.  Includes  references. 
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Descriptors:  South  America;  Deforestation;  Ero¬ 
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rain  forests 

Abstract:  The  Amazon  basin  contains  about  half  of 
Earth’s  Tropical  forest.  Population  pressure  and 
subsequent  demands  for  crop  production,  timber 
and  firewood  have  led  to  rapid  deforestation. 
Quantitative  estimates  of  the  rate  of  deforestation 
from  analysis  of  Landsat  observations  indicate  that 
rates  are  increasing  exponentially  in  many  regions, 
but  the  precise  figures  are  not  known.  Removal  of 
the  protection  provided  by  natural  cover  can  lead 
to  soil  erosion,  disturbance  of  the  ecosystem  and 
reduction  in  species  diversity.  Here  we  report 
results  from  a  three-year  simulation,  using  a  gen¬ 
eral  circulation  model,  in  which  we  replace 
Amazon  tropical  forest  and  savannah  with  pasture. 
The  simulated  local  climate  response  was 
dominated  by  a  weakened  hydrological  cycle,  with 
less  precipitation  and  evaporation  and  an  increase 
in  surface  temperature.  The  reductions  in 
precipitation  and  evaporation  were  mostly  caused 
by  changes  in  surface  roughness  and  albedo: 
decreased  roughness  dominated  the  reduction  in 
evaporation  (and  the  increase  in  temperature), 
whereas  the  increased  albedo  was  the  main  cause 
of  a  decrease  in  the  moisture  flux  convergence 
(measured  as  the  difference  between  precipitation 
and  evaporation)  contributing  to  the  decrease  in 
precipitation. 
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change 

403  NAL  Call  No:  S596J.I58  1989 
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and  their  cover  on  the  fluxes  of  greenhouse  gasses, 
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:  proceedings  of  the  International  Conference 
Soils  and  the  Greenhouse  Effect. 
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International  Soil  Reference  and  Information 
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xviii,  575  p.  :  ill.  ;  24  cm.  Sponsored  by  the  Com¬ 
mission  of  the  European  Communities  (CEC),  the 
United  Nations  Environment  Programme  (UN¬ 
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1):  p.  124-128.  maps;  1984  Mar.  Includes  refer¬ 
ences. 

Language:  English 

Descriptors:  Alaska;  Carbon  dioxide;  Snow  cover; 
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Stratospheric  ozone  1988  second  report. 

United  Kingdom  Stratospheric  Ozone  Review 
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Great  Britain,  Meteorological  Office 
London  :  H.M.S.O.;  1988. 
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Distributed  to  some  depository  libraries  in  micro¬ 
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Chicago,  Ill.  :  American  Nurseryman  Publishing 
Company;  1988  Novl5. 

American  nurseryman  v.  168  (10):  p.  23-26,  28-30, 
32-33;  1988  Novl5. 

Language:  English 

Descriptors:  Drought;  Summer;  Air  pollutants; 
Weather  patterns;  Heat;  Temperatures;  Climatol¬ 
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New  York,  N.Y.  :  Elsevier  Science  Publishing;  1991 
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Remote  sensing  of  environment  v.  35  (2/3):  p.  201- 
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Washington,  D.C.  :  Heldref  Publications;  1991  Jun. 
Environment  v.  33  (5):  p.  10-15,  27-33;  1991  Jun. 
Includes  references. 

Language:  English 

Descriptors:  Climatic  change;  Precipitation;  Soil 
water;  Comparisons 

430  NAL  Call  No:  QII540.N3 

UV-B  radiation  and  adaptive  mechanisms  in 
plants. 

Beggs,  C.J.;  Schneider-Zicbert,  U.;  Wellmann,  E. 
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Washington,  DC  :  Climate  Analysis  Center,  NMC, 
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Natural  history  (3):  p.  67-68,  70.  ill.,  maps;  1990 
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PPD  Climate  Change  Collective 
Palmerston  North,  [N.Z.7]  :  Plant  Physiology  Di¬ 
vision,  Dept,  of  Scientific  and  Industrial  Research, 
[1989?];  1989. 

6,  [6]  leaves  :  ill.  ;  30  cm.  (Technical  report  /  Plant 
Physiology  Division,  Dept,  of  Scientific  and  Indus¬ 
trial  Research,  no.  32).  August  1989.  Includes 
bibliographical  references  (leaf  6). 

Language:  English 
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Will  climatic  changes  flood  the  Netherlands?  Ef¬ 
fects  on  agriculture,  land  use  and  well-being. 

Hekstra,  G.P. 

Stockholm  :  Royal  Swedish  Academy  of  Sciences; 
1986. 

Ambio  v.  15  (6):  p.  316-326.  ill.,  maps;  1986.  In¬ 
cludes  12  references. 
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Kent?  :  Hodder  &  Stoughton;  1989. 

162  p. :  col.  ill.,  maps  ;  22  cm.  Headway.  "This  pub¬ 
lication  accompanies  the  television  documentary 
"can  polar  bears  tread  water?"  produced  by  Central 
Independant  Television  pic  in  association  with 
Television  for  the  Environment  and  the  Better 
World  Society",  T.p.  verso. 
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Winters  are  getting  drier:  and  its  matters  espe¬ 
cially  to  farmers. 

McNaughton,  N. 

Edmonton  :  Faculty  of  Agriculture  and  Forestry, 
LIniversity  of  Alberta;  1989. 
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World  climate  change  report. 

BNA  International  Inc 

London,  England  :  BNA  International  Inc.;  1989- 
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xv,  252  p.  :  ill.,  maps  ;  25  cm.  Translation  of:  Seikai 
no  kisho.  Originally  published:  Mainichi  Shim- 
bunsha,  Tokyo,  1975.  Includes  bibliographical  ref¬ 
erences  (p.  [250 j-252). 

Language:  English 

Descriptors :  Climatic  changes;  Climatology;  Solar 
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